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Capítulo 1 

    La especialidad de Anestesiología, Reanimación y Terapéutica del dolor ha 

evolucionado en la última década hacia un concepto asistencial global 

adquiriendo responsabilidades sobre el paciente, no solo en el quirófano y las 

Unidades de Cuidados críticos, sino desde el momento de la indicación 

quirúrgica hasta su recuperación completa. Se ha integrado con el concepto 

desarrollado en el ámbito quirúrgico de “fast track” o recuperación intensificada 

para dar lugar a la Medicina perioperatoria.  

Se define la Medicina perioperatoria como la asistencia integral, multidisciplinar 

y centrada en el paciente desde la indicación de un proceso quirúrgico hasta su 

recuperación completa. Estos tres conceptos permiten sinérgicamente obtener 

una asistencia de calidad y mejores resultados.  

El objetivo de esta tesis ha sido plasmar este nuevo modo de entender la 

atención médica perioperatoria a través varios proyectos de investigación.  Se 

han agrupado en cuatro bloques principales: estrategia individualizada de 

neumoperitoneo, ventilación mecánica y bloqueo neuromuscular en cirugía 

laparoscópica, y la estrategia analgésica en cirugía oncológica. 

 

Bloque 1: Estrategia individualizada de neumoperitoneo en cirugía 
laparoscópica. 

 

La cirugía laparoscópica exige la introducción de CO2 a una determinada 

presión en la cavidad abdominal para crear un adecuado espacio de trabajo. 

Esta presión intraabdominal generada se denomina presión de 

neumoperitoneo. Las guías de cirugía abdominal laparoscópica recomiendan 

trabajar a la menor presión de neumoperitoneo posible a la que el cirujano 

disponga de un adecuado espacio de trabajo y no utilizar niveles fijos. Sin 

embargo, en la práctica clínica la presión del neumoperitoneo se establece 

habitualmente entre 12-15 mmHg desde el inicio y habitualmente permanece 

fija durante todo el procedimiento quirúrgico, solo se incrementa si las 

condiciones quirúrgicas no son buenas, para intentar mejorar el espacio de 

trabajo. Por el contrario, nunca se mide el volumen que hay en la cavidad ni si 

este aumento de presión se relaciona con una ganancia de volumen.  

Una elevada presión del neumoperitoneo lesiona el peritoneo, compromete de 

manera global la perfusión esplácnica y dificulta la ventilación mecánica. De 
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este modo individualizar la presión de neumoperitoneo para cada paciente a la 

mínima posible puede ser beneficioso para el paciente siempre que se 

aseguren unas adecuadas condiciones quirúrgicas que no comprometan su 

seguridad ni alarguen la duración del procedimiento quirúrgico. La colaboración 

multidisciplinar con los cirujanos generales expertos en cirugía colorrectal 

laparoscópica nos ha permitido evaluar de manera individualizada la posibilidad 

de disminuir la presión del neumoperitoneo y valorar el impacto en la 

ventilación mecánica y en la recuperación del paciente. A lo anterior se añade 

considerar al paciente en el centro de la asistencia ya que evaluamos el 

impacto a través del análisis de los resultados reportados por el propio paciente 

(patient reported outcomes - PROs). 

 

En el capítulo 2 se detalla el estudio observacional multicéntrico ‘Individualized 

PneumoPeritoneum pressure in Colorectal Laparoscopic Surgery’ 

(IPPColLapSe I). Participaron investigadores del Hospital General Universitari 

de Castellón (Castellón) y del Hospital General Universitario Gregorio Marañon 

(Madrid). El objetivo principal era evaluar la posibilidad de individualizar para 

cada paciente la presión del neumoperitoneo utilizada en cirugía laparoscópica 

a la menor posible mediante la introducción de un paquete de medidas 

orientadas a mejorar la compliance y el volumen abdominal. Estas medidas 

incluían posicionamiento elevado de las piernas del paciente, pre-estiramiento 

de la pared abdominal durante la generación del neumoperitoneo, estrategia de 

ventilación de protección pulmonar y bloqueo neuromuscular profundo.  La 

hipótesis fue que la aplicación de este paquete de medidas permitiría disminuir 

la presión del neumoperitoneo utilizada manteniendo unas adecuadas 

condiciones quirúrgicas en cirugía laparoscópica colorrectal. El estudio está 

registrado en www.clinicaltrials.gov (study identifier: NCT03000465). 

 

El capítulo 3 se detalla el protocolo del ensayo clínico con medicamentos de 

bajo nivel de intervención, randomizado, multicéntrico, “Individualized 

PneumoPeritoneum pressure in Colorectal Laparoscopic Surgery versus 

standard theraphy” (IPPColLapSe II). Participaron investigadores del Hospital 

General Universitari de Castellón (Castellón), Hospital Universitario Virgen del 

Rocio (Sevilla) y del Hospital General Universitario Gregorio Marañon (Madrid). 
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El estudio está registrado en www.clinicaltrials.gov (study identifier: 

NCT02773173) y EudraCT 2016-001693-15. Este estudio obtuvo la integración 

en la plataforma de apoyo a la investigación clínica independiente de 

excelencia, Spanish Clinical Research Network, SCREN (https://www.scren.es). 

Además sigue las recomendaciones internacionales para estudios de 

intervención que analizan resultados reportados por el paciente, 

(PROs),“Standard Protocol Items: Recommendations for Interventional Trials 

and Patient–Reported Outcomes’ (SPIRIT–PRO) guidelines”. El objetivo 

principal era evaluar los resultados comunicados por el paciente mediante una 

escala de calidad de recuperación postoperatoria, PQRS, 

(www.postopqrs.com) cuando se realiza cirugía laparoscópica colorrectal 

programada con una estrategia de presión de neumoperitoneo individualizada 

frente a una estrategia convencional de presión de neumoperitoneo fija. La 

escala de calidad de recuperación postoperatoria, PQRS evalúa cinco 

dominios: fisiológico, nociceptivo, emocional, cognitivo y funcional, en cinco 

puntos temporales. Basal previo a la cirugía, a los 15 y 40 minutos tras la 

cirugía y en los días uno y tres del postoperatorio. La hipótesis es que una 

estrategia de presión de neumoperitoneo individualizada mejoraría la calidad 

de recuperación postoperatoria comunicada por el paciente, PQRS, en el día 1 

del postoperatorio.  

Se publicó con posterioridad una corrección al plan de análisis estadístico para 

detallar que el objetivo principal era evaluar el dominio fisiológico, siendo el 

resto de los dominios objetivos secundarios, así como que se analizarían como 

datos longitudinales o medidas repetidas, no como medidas independientes.  

En el capítulo 4 se detallan los resultados del ensayo clínico con medicamentos 

de bajo nivel de intervención, randomizado, multicéntrico, “Individualized 

PneumoPeritoneum pressure in Colorectal Laparoscopic Surgery versus 

standard theraphy” (IPPColLapSe II).  

 

Bloque 2: Estrategia de ventilación mecánica en cirugía laparoscópica 
 

La cirugía abdominal mayor oncológica presenta una elevada incidencia de 

complicaciones pulmonares postoperatorias, que prolongan la estancia 

hospitalaria y afectan negativamente al pronóstico de los pacientes. Se han 
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investigado diferentes estrategias de ventilación mecánica y soporte 

respiratorio postoperatorio para disminuir esta complicación. Realizar una 

estrategia de ventilación mecánica orientada a obtener la menor “driving 

pressure” se ha postulado como una estrategia efectiva para disminuir la 

incidencia de complicaciones pulmonares postoperatorias. La posibilidad de 

individualizar la presión del neumoperitoneo en cirugía laparoscópica a la 

menor posible podría contribuir a disminuir la “driving pressure” y reducir la 

incidencia de complicaciones pulmonares postoperatorias.  

En el capítulo 5 se detallan los resultados del estudio clínico cruzado 

prospectivo, no randomizado “Intraabdominal Pressure Targeted Positive End-

expiratory Pressure during Laparoscopic Surgery. An open-label, 

nonrandomized, crossover, clinical trial” (IPPColLapSe III). El objetivo era 

evaluar la capacidad de disminuir la “driving pressure” transpulmonar aplicando 

niveles de presión positiva al final de la espiración, (positive end-expiratory 

pressure-PEEP) titulados según la presión del neumoperitoneo en cirugía 

laparoscópica comparada con una estrategia de PEEP fija de 5 cmH2O. La 

hipótesis fue que una estrategia orientada a igualar los niveles de PEEP a los 

niveles de presión del neumoperitoneo prevendría el aumento en la “driving 

pressure” transpulmonar en cirugía laparoscópica. El estudio está registrado en 

www.clinicaltrials.gov (study identifier: NCT03435913). 

En el capítulo 6 se presenta un metaanálisis de los estudios IPPColLapSe I, II y 

III (capítulos 2, 3, 4 y 5) con el objetivo de evaluar la relación entre la presión 

intraabdominal del neumoperitoneo y el volumen en cirugía laparoscópica y 

entre presión intraabdominal del neumoperitoneo y la “driving pressure” 

respiratoria. El estudio está registrado en www.clinicaltrials.gov (study identifier: 

NCT04468698).  

 

Bloque 3: Estrategia de bloqueo neuromuscular en cirugía laparoscópica 
 

 El bloqueo neuromuscular es un componente fundamental de la anestesia 

moderna en cirugía abdominal. Aunque su uso se ha relacionado con un 

aumento de la morbilidad perioperatoria, pensamos que un manejo óptimo con 

monitorización cuantitativa del bloqueo neuromuscular y reversión 

farmacológica podría contribuir a disminuir las complicaciones postoperatorias, 
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fundamentalmente de origen pulmonar. No obstante, su manejo óptimo no está 

incluido dentro de las medidas habituales en los programas de recuperación y 

era importante conocer el impacto de un uso seguro del bloqueo 

neuromuscular en los resultados de estos programas.  

En el capítulo 7 se detalla un subestudio preprogramado del estudio 

“Postoperative Outcomes Within an Enhanced Recovery After Surgery Protocol 

(POWER)”, estudio observacional, multicéntrico, nacional que evaluaba el 

impacto en las complicaciones postoperatorias de un paquete de medidas de 

un programa de recuperación intensificada en cirugía colorrectal. El estudio 

está registrado en www.clinicaltrials.gov (study identifier: NCT03012802) y 

sigue las recomendaciones internacionales para estudios observacionales  

“Strengthening the Reporting of Observational Studies in Epidemiology” 

(STROBE). El objetivo del subestudio era evaluar la relación entre la 

monitorización cuantitativa del bloqueo neuromuscular y la reversión 

farmacológica con las complicaciones postoperatorias y la estancia 

hospitalaria. La hipótesis fue que un manejo óptimo del bloqueo neuromuscular 

(monitorización cuantitativa y reversión farmacológica en el contexto de un 

programa de recuperación intensificada se asociaría a menos complicaciones 

postoperatorias.  

 

Bloque 4: Estrategia analgésica en cirugía oncológica 
 

Un adecuado manejo del periodo perioperatorio en cirugía oncológica es 

fundamental, ya que la respuesta inflamatoria sistémica relacionada con el 

trauma quirúrgico puede condicionar inmunosupresión y aumentar el riesgo de 

recidiva oncológica por la incapacidad para eliminar la enfermedad residual-

células tumorales que se liberan habitualmente durante la manipulación 

quirúrgica del cáncer. Los fármacos que utilizamos durante el perioperatorio 

pueden modular esta respuesta y es importante evaluar su impacto en los 

resultados a largo plazo. Aunque un adecuado control del dolor contribuye a 

disminuir esta respuesta inflamatoria, el uso de analgésicos opioides se ha 

relacionado en diversos tipos de tumor con una mayor incidencia de recidiva 

tumoral y peores resultados a largo plazo. 
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En el capítulo 8 se detalla una revisión sistemática de la literatura sobre el 

efecto a largo plazo de los opioides perioperatorios en la recurrencia del cáncer 

colorrectal. La hipótesis era que los opioides perioperatorios se asocian a 

peores resultados oncológicos a largo plazo. Seguía las recomendaciones 

internacionales para revisiones sistemáticas y metaanálisis “Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

Statement”.  

En el capítulo 9 se detalla un estudio observacional “Mu opioid receptor 1 

(MOR-1) expression in colorectal cancer and disease-free survival relationship 

(Morocco). Five-year follow-up”. El objetivo era evaluar la asociación entre la 

expresión del receptor opioide mu tipo 1 (MOR1) y los resultados oncológicos a 

largo plazo en cirugía oncológica colorrectal. La hipótesis era que había un 

aumento de la expresión de receptor opioide mu tipo 1 (MOR1) en el tejido 

tumoral al compararlo con el tejido no tumoral adyacente y esto se asociaría a 

una menor supervivencia libre de enfermedad. El estudio esta registrado en 

www.clinicaltrials.gov (study identifier: NCT03601351). Sigue las 

recomendaciones internacionales “REporting recommendations for tumour 

MARKer prognostic studies (REMARK)". 
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Estrategia individualizada de pneumoperitoneo en cirugía laparoscópica 

 

 

Guidelines for laparoscopic abdominal surgery recommend using the lowest 

possible intra–abdominal pressure (IAP) at which the surgeon has adequate 

workspace rather than using a standard level of IAP [1,2]. In clinical practice, 

though, IAP is typically set between 12 and 15 mmHg throughout the entire 

surgical procedure [3].  Using the lowest possible IAP could be beneficial, as high 

IAP is associated with peritoneal damage, impaired splanchnic, hepatic and 

abdominal wall perfusion, decreased gastric mucosal oxygen saturation, and 

postoperative pain [4-8].  However, a low IAP could result in unacceptable 

surgical conditions, which could not only lengthen duration of surgery but also 

increase the risk of complications, eventually worsening outcomes [9,10]. 

Surgical workspace is linked to the intraabdominal volume (IAV), the 

amount of insufflated CO2 gas to create the pneumoperitoneum. The IAV needed 

has been related to multiple but foremost modifiable factors [11].  Indeed, factors 

like neuromuscular blockade, pre–stretching of the abdominal wall, and patient 

positioning has been shown to affect the relationship between IAP and 

workspace[12-24].  Besides, ventilation–induced changes in intra–thoracic 

pressures and probably individual patient factors might impact IAP. All these 

factors have been studied before, but were never addressed neither investigated 

together. 

 Thus, we performed the ‘Individualized PneumoPeritoneum pressure in 

Colorectal Laparoscopic Surgery’ (IPPColLapSe) study to investigate whether a 

multifaceted individualized strategy, focusing on optimizing the combination of 

factors mentioned above during laparoscopic abdominal surgery. We were 

interested in its feasibility, but also the lowest IAP at which surgery could be 

performed using this strategy. Specifically, we assessed the proportion of 

patients in whom surgery was performed and completed at each individualized 

IAP level. We also determined the association between changes in IAP and 

intrathoracic pressures, and estimated the IAV at which the laparoscopic 

procedure was performed. We hypothesized that a multifaceted individualized 

pneumoperitoneum strategy would result in lower IAP with adequate workspace 

for surgeons during laparoscopic colorectal surgery. 
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Design 

The IPPColLapSe study was an investigator–initiated multicenter prospective 

cohort investigation performed between May 2015 and October 2016 in three 

Spanish hospitals: The Hospital Universitario y Politécnico La Fe, Valencia, the 

Hospital General de Castellón, Castellon, and the Hospital Universitario Gregorio 

Marañon, Madrid. The study protocol was approved by the Institutional Review 

Boards (IRB) of all three hospitals (protocol number: 2015/0094). The trial was 

registered with ClinicalTrials.gov (Trial Identifier: NCT03000465). Written 

informed consent was obtained from all participants before surgery. 

Population 

Patients were eligible for participation if (a) scheduled for laparoscopic colorectal 

surgery; (b) age > 18 year-old; and (c) American Society of Anesthesiologists 

(ASA) physical status I to III, with no cognitive deficits. Exclusion criteria included: 

(a) emergency or unplanned surgery; (b) impossibility to obtain written informed 

consent; and (c) allergy to, or contraindication for rocuronium or sugammadex. 

Women who were pregnant or breastfeeding, patients with known immunologic 

or neuromuscular diseases, and patients with an advanced stage of 

cardiopulmonary, renal or hepatic diseases were excluded from participation. 

After initiation of standard monitoring (electrocardiography, noninvasive 

intermittent arterial blood pressure measurement, continuous pulse oximetry) and 

continuous neuromuscular monitoring (TOF–Watch–SX™, Organon–Teknika, 

Oss, The Netherlands). Anesthesia was induced using propofol (1.5 to 2 mg∙kg -

1) plus fentanyl (1 µg∙kg -1). Tracheal intubation was facilitated with rocuronium 

0.6 mg∙kg-1. Anesthesia was maintained using propofol infusion titrated to a 

bispectral index (BIS, BISTM, Covidien, Mansfield, MA, USA) between 40–60. 

Additional fentanyl boluses (1 µg∙kg -1) were used for intraoperative analgesia. An 

electronic CO2 gas insufflator (EndoflatorTM, Karl Storz, Tuttlingen, Germany) was 

used for CO2 insufflation into the abdominal cavity through a paraumbilical–

placed laparoscopic trocar. 

The following predefined interventions, as part of the multifaceted individualized 

pneumoperitoneum strategy, were performed in all patients, in the same order: 
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1. Tidal volume reduction with volume controlled ventilation mode to 8 ml∙kg-1 of 

predicted ideal body weight (PBW), 20% inspiratory pause, positive end–

expiratory pressure (PEEP) set at 5 or 10 mm Hg, in patients with a body 

mass index (BMI) < 30 or > 30 kg∙m-2 respectively, oxygen inspiratory fraction 

0.8 and respiratory rate 12 to 15 respirations per minute to maintain standard 

end–tidal CO2 values[25]. 

2. A ‘modified lithotomy position’ with slightly flexed hips (45-90º) respect to 

patients’ legs raised in padded supports. This increase the anteroposterior 

intra–abdominal space by correcting lumbar lordosis; 

3. Continuous deep neuromuscular blockade throughout surgery to maintain a 

train–of–four (TOF) of 0 and post–tetanic count (PTC) between 1 and 5; 

4. Prestretching of the abdominal wall muscles, setting pneumoperitoneum at 15 

mmHg for a maximum of 5 minutes during initial CO2 gas insufflation and 

trocars insertion; (insufflator initially set at 15 mmHg with an initial flow rate of 

3 L∙min-1);  

5. Individualized IAP titration. After pre–stretching, the patient was placed in the 

20º Trendelemburg position. Flow rate was set at 30 L∙min-1 and the surgery 

began. The IAP was initially decreased from 15 to 12 mmHg, and then 

stepwise to 11, 10, 9 and finally 8 mmHg. IAP was allowed to stabilization 

after each step, lasting usually 3 to 5 minutes. Surgeons were blinded to the 

actual IAP used, and could request at any time to increase IAP, if workspace 

became ‘non–adequate’. If deemed necessary this increment was done in 1 

mmHg steps lasting at least 1 minute, up to the level at which the surgical 

workspace became adequate with an upper limit of 15 mm Hg. While it is 

common that the surgeon decides on the level of IAP to be used, here an 

anesthesiologist managed the pneumoperitoneum insufflator and surgeons 

remained blinded to the level of IAP used. 

Data collected 

Data on weight, sex, height, age, gender, body mass index (BMI), number of 

pregnancies, number of previous laparoscopic surgeries, and type and duration 

of surgery were collected. IAP was measured at every liter during 

pneumoperitoneum insufflation until 15 mmHg level was reached. We also 

measured the IAV of CO2 gas insufflated at 15 mmHg. Ventilation parameters 

were collected at each down titration step of IAP. Parameters recorded included 
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PEEP, peak pressure (Ppeak) and plateau pressure (Pplat), and respiratory 

system compliance (CRS). 

Definitions 

The ‘individualized IAP’ was defined as the highest IAP needed to obtain and 

maintain an adequate workspace until completion of surgery. 'Adequate 

workspace' was defined as the workspace sufficient to perform the surgical 

procedure with no need for corrective measures (IAP increment) as judged by the 

operating surgeon. Consequently, 'non–adequate workspace' was defined as 

workspace insufficient to perform the surgical procedure with the need for 

corrective measures. Surgeons were kept blinded to the actual level of IAP used 

at any time during the surgical procedure, but were advised if the level was over 

the predefined upper limit. 

The ‘respiratory system driving pressure’ (ΔPRS) was calculated by 

subtracting PEEP from Pplat. The optimized IAV was defined as the ‘volume of 

insufflated CO2 at the individualized IAP' and was estimated from the IAP/IAV 

curve for each patient during insufflation. 

Endpoints 

The primary endpoint was the proportion of patients at each level of 

individualized IAP. Secondary endpoints were ventilation parameters evaluation 

during the stepwise IAP deflation, including Ppeak, Pplat and PEEP, and the 

ΔPRS, and IAV estimation at the individualized IAP. 

Sample size calculation 

Assuming that surgery can be performed with a mean IAP of 9 mmHg with 

standard deviation (SD) of 1.9, (pilot unpublished study, laparoscopic colorectal 

surgery), 78 patients would be included to assess the individualized IAP with 

95% confidence and achieving an accuracy of ± 0.5 in the determination of the 

50th percentile, ± 0.55 in the 25th and 75th percentiles and of ± 0.65 in the 10th and 

90th percentiles. 

If conversion to open surgery was decided the patient were excluded from 

the analysis of the primary outcome, and replaced with a new patient until 78 

patients were enrolled and completed the study concerning the primary endpoint. 

Patients in whom surgeons decided to convert to open surgery remained 

analyzable for the other endpoints. 

Analysis plan and statistical analyses 
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Data were expressed as mean (SD) or median [IQR] for continuous variables and 

by counts and proportions for categorical variables with. The 95% confidence 

intervals were calculated for each of the estimated percentiles. 

The proportion of patients in whom surgery was finished at each IAP level 

was first analyzed. Next, the relationship between IAP and ventilation 

parameters, in particular, ΔPRS. was calculated. For this calculation a quantile 

regression model with splines for the median and 10th and 90th percentiles, 

adding BMI and age as covariates was adjusted. 

The relationship between IAP and the insufflated volume of CO2 was 

determined for each patient during initial pneumoperitoneum insufflation until an 

IAP of 15 mmHg was reached. The optimized IAV was estimated from data in 

patients in whom surgery was finished by laparoscopy. The relationship between 

IAP and IAV was analyzed by linear interpolation from the individual IAP/IAV 

curves. The IAP before CO2 gas insufflation was considered the basal IAP or 

intra–abdominal pressure at volume zero, and was estimated by fitting 

multiadaptive linear regression splines to intraabdominal volume and pressure 

relationship. 

 We performed a posthoc analysis fitting a linear mixed model with 

surgeon as random effect to determine factors that influenced the optimized IAV. 

The factors tested in the model included: Age, gender, BMI, pregnancies, 

previous laparoscopic or open surgeries, type of surgery (right or left 

hemicolectomy, rectum or other surgeries), IAV at 15 mmHg of IAP, and intra–

abdominal pressure at volume zero (Pv0) were included. 

Statistical analyses were performed with R statistical software version 3.3.3 (R 

Foundation for Statistical Computing, Vienna, Austria). 
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Patients 

Ninety-two patients were finally enrolled. Fourteen procedures were converted to 

open surgery (Figure 1). In all cases the surgeons confirmed that the decision to 

conversion was not related to the IPP. All other 78 patients could be followed to 

the primary endpoint of the study. Baseline characteristics are presented in Table 

1. Surgeons experience is detailed in eTable1. 

Feasibility 

The multifaceted and individualized strategy was feasible in all 92 enrolled 

patients, resulting in adequate workspace for the surgeon in all cases. Seventy-

eight patients fulfill criteria to be analyzed for the primary endpoint. In 61 patients 

(78% [CI95%: 70–89%]) the lowest IAP was 8 mmHg until the end of surgery. In 

the remainder 17 patients, up titration was necessary during surgery, up to IAPs 

between 9 and 12 mmHg (Figure 2). 

The median optimized IAV of insufflated CO2 was 3.2 [2.7–4.2] liters, or 58 [49–

67] ml∙kg-1 body weight (eFigure 1 and eFigure 2). 

Relationship between IAP and PRS 

The relationship between IAP and ΔPRS was almost linear (Figure 3 and eTable 

2)., every reduction in IAP of 1 mmHg resulted in a reduction in ΔPRS of 0.74 

cmH2O (or 0.56 mm Hg) between 8 and 15 mmHg. 

Relationship between IAP and volume of insufflated CO2 gas 

A nonlinear relationship between IAP and volume of insufflated gas was found 

(Figure 4). A breakpoint in the IAP/IAV at 10 mmHg (mean) was observed 

between 8 and 15 mm Hg IAP. 

Posthoc analysis 

Mainly the volume of CO2 insufflated at 15 mm Hg of IAP during 

pneumoperitoneum generation and Pv0 were associated with the optimized IAV 

(eTable 3). 
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The findings of this study in patients undergoing laparoscopic colorectal surgery 

can be summarized as follows: (a) the tested multifaceted individualized strategy 

was feasible; (b) resulted in an adequate workspace throughout surgery, and (c) 

allows to use lower IAP than frequently selected for pneumoperitoneum in most 

patients. Moreover, lowering IAP resulted in (d) a substantial decrease of ΔPRS; 

and (e) an optimized IAV close to 3 liters. Finally, (f) a decrease in abdominal 

compliance was identified at a mean IAP of 10 mm Hg. 

This study tested the feasibility of a multifaceted and individualized 

intervention focusing on IAP in colorectal laparoscopic surgery. The 

multidisciplinary teamwork with close collaboration between surgeons and 

anesthesiologist allowed us to develop and perform this study. Over ten surgeons 

participated in this study, external validity of results was warranted provided the 

range of surgeons' experience in colorectal laparoscopic surgery. There have 

been no prior studies in which the relation between IAP and IAV was determined 

for each individual patient.  

Since we tested a multifaceted strategy, with five different elements, it 

remains uncertain what exactly allowed us to reduce IAP, i.e. which one factor 

had the biggest impact. Previous studies tested the individual elements, but there 

were no investigations that combined all five items into one bundle.  

The impact of ventilator settings on IAP, and vice versa has been 

extensively studied in the critical care setting, but not in laparoscopic abdominal 

surgery, in the tested strategy we deliberately choose using low tidal volume to 

decrease the impact on IAV [25].  One study in 20 patients under bariatric 

laparoscopic surgery showed that, in supine position, raising the legs to a 

modified lithotomy position increased the IAV generated during 

pneumoperitoneum, the effect being more important in Trendelenburg position 

[26]. Deep neuromuscular blockade throughout the surgical procedure has been 

compared with moderate or no blockade, studies offering inconclusive results, or 

marginal gains [12-16].  Seven randomized clinical trials comparing deep versus 

moderate neuromuscular blockade showed positive effects on surgical conditions 

during retroperitoneal laparoscopic procedures [17], laparoscopic donor 

nephrectomy [18], and laparoscopic hysterectomy [19],  and a marginally positive 
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effect in laparoscopic cholecystectomy [20-24].   In laparoscopic 

cholecystectomies, the percentage of procedures finished at low IAP was 60% 

with deep neuromuscular blockade versus 35% with moderate neuromuscular 

blockade [20].   On the other hand, pre–stretching of the abdominal wall muscles 

has only been evaluated in animal studies, showing an increase in IAV, when 

insufflated at 15 mmHg, with a more important effect at lower IAP [27].   Finally, 

individually IAP titration has been studied in two investigations at different levels 

of neuromuscular blockade. In a prospective observational study in 20 patients 

undergoing laparoscopic cholecystectomy, deep versus no neuromuscular 

blockade allowed a decrease in mean IAP of 6 mm Hg (starting with 13 mmHg), 

but a further increase in 3 mm Hg after 15 min was necessary [28].   In a clinical 

trial including 61 patients undergoing colorectal laparoscopic surgery, moderate 

neuromuscular blockade was compared with deep neuromuscular blockade. 

Deep neuromuscular blockade resulted in a lower mean IAP (9 mm Hg) [29].   In 

our study we combined all measures into a multifaceted individualized IAP 

strategy, resulting in lower levels of IAP. 

In recent studies, ΔPRS has been shown to be independently associated 

with the development of postoperative pulmonary complications (PPC) in surgical 

patients [30].  It is known that pneumoperitoneum insufflation decreases chest 

wall compliance, impairing respiratory function [31,32].   Studies in animal models 

have further shown a 40 to 50% transmission of IAP to the intrathoracic one, and 

thus on ventilation pressures [33,34].   Of note, there have been no studies in 

humans yet, and the impact of IAP on ΔPRS in the laparoscopic surgery setting 

remains to be explored, we tested the impact of our strategy on  the resulting 

relationship between IAP and ΔPRS. The results suggest a transmission rate of 

56% at clinically relevant pressure ranges for laparoscopy (i.e., 8–15 mmHg). 

Although the design of a comprehensive protective ventilation strategy is beyond 

the scope of the present investigation, its results suggest that an individualized 

multifaceted strategy aimed at lowering IAP during laparoscopy could benefit 

patients through a lower ΔPRS. 

The relationship between IAP and IAV is often considered to be linear 

during laparoscopic surgery in the 12 to 15 mmHg range [35,36].   However, we 

observed a ‘breakpoint’ at IAP of 10 mm Hg. It would be interesting to identify it   
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to avoid IAP increases that correlate with minor or no IAV increases at all, i.e., no 

clinical benefit. 

The present study reported the precise IAV needed to perform lower 

abdominal laparoscopic surgery.  Our results are in line with results reported for 

upper abdominal bariatric laparoscopic surgery. Indeed, an IAV of 3 litres seems 

to be the threshold for optimal surgical conditions [26].    Being aware of the 

optimized IAV allows a goal directed initial insufflation of CO2. Future CO2 

insufflators may include automatic and real-time determination of the relationship 

between IAP and IAV to allow better individualization of IAP throughout the entire 

surgical procedure. 

This study has several limitations. Although the surgeons confirmed that 

the reasons for conversion to open surgery were independent from the tested 

intervention, we cannot be certain this was really the case. Of note, in none of 

these patient was there a request to increase the IAP. A conversion rate of ~15% 

is commonplace for this type of surgery [37].    We tested a bundle of measures, 

some of them could be standard of care, and, as mentioned above, it remains 

uncertain which of those factors had the biggest impact on IAP. Surgeons were 

blinded for the IAP but not for the patient's inclusion in the study. As dictated by 

the study protocol, IAP down titration stopped at 8 mmHg while in some patients 

a lower IAP could still have resulted in acceptable workspace for the surgeon. 

Again, in the patients with highest intra–abdominal volumen during 

pneumoperitoneum insufflation the optimized calculated Intraabdominal volumen 

at individualized IAP was probably higher than needed. In this real-life study with 

several study centers and several surgeons involved, there is a possibility of 

significant variability in the surgeon’s comfort level with respect to available 

workspace, (efigure1 and efigure2). Blinded surgeons evaluate surgical 

conditions in a practical dichotomous manner as adequate or not depending on 

whether they needed any corrective action. This makes comparison with other 

studies as those using the Leiden–Surgical Rating Scale, difficult [17,18].    We 

did not use oesophageal catheters to estimate intrapleural pressures. The 

transpulmonary pressure ΔP, calculated from intrapleural pressures, could be 

more informative than the ΔPRS. Besides, clinical outcomes after surgery were 

not evaluated. 
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As conclusion a multifaceted individualized pneumoperitoneum strategy 

was feasible and resulted in an adequate workspace for surgeons at lower IAP 

than usually applied during laparoscopic colorectal surgery. Furthermore, through 

intra-abdominal pressure optimization lower respiratory driving pressure was 

achieved. Benefits of the tested intervention on patient recovery and 

perioperative morbidity must be tested in randomized controlled trials. 
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Figure 1. IPPColLapSe Flowchart. 
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.  Proportion of surgical procedures finished at each IAP level; IAP in 

mmHg. Solid blue line: estimated probability density function distribution in the 

population for IAP. Orange columns: patients' relative frequency. Upper row: 

cumulative frequency and 95% CI. Data are reported for the 78 patients analyzed 

for primary outcome. 
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. The relationship between (IAP) and respiratory driving pressure (ΔPRS). 

IAP in mmHg and ΔPRS in cmH2O. Upper line 90th percentile; Lower line, 10th 

percentile; Middle line 50th percentile.  Blue is 95% confidence bandwidth for 50th 

percentile. Data are reported for the 92 patients analyzed for all outcomes. 
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Figure 4. The relationship between IAV and IAP; IAP in mmHg, IAV in liters; Grey 

points: individual patient data.  Data are reported for the 92 patients analyzed for 

all outcomes. 
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year-old 64.1 (13.2) 68.7 (11.5) 64.8 (13.0) 

  
male/female 45/33 (58/42) 9/5 (64/36) 54/38 (59/41) 

  
Kg m -2 26.4 (4.0) 28.6 (4.5) 26.7 (4.2) 

 
minutes 232 (89) 284 (79) 240 (89) 

Marañón/La Fe/Castellón 
5/49/24 

(6/63/31) 
0/11/3 

(0/79/21) 
5/60/27 

(5/65/30)  

I/II/III
10/54/14 

(13/69/18) 
1/10/3 

(7/71/21) 
11/64/17 

(12/70/18) 

0/1/2/3/4 
64/12/1/1 

(82/16/1/1) 
10/3/0/1 
(72/21/7) 

73/14/1/1/1 
(81/16/1/1) 

 
0/1/2/3/4/5/6

58/7/5/5/1/1/1 
(74/9/7/7/1/1/1)

9/1/3/1/0/0/0 
(64/7/21/8/0/0) 

67/8/8/6/1/1/1 
(73/9/9/6/1/1/1) 

(n = 77) 
Right hemicolectomy 
Left hemicolectomy 
Sigmoidectomy 
Rectum anterior resection 
Total colectomy 
Ileocecal resection 
Terminal colostomy 
 

 
40 (52) 
9 (12) 

15 (18) 
9 (12) 
2 (3) 
2 (3) 
1 (1) 

 

 
8 (57) 
2 (14) 
3 (21) 
0 (0) 
1 (7) 
0 (0) 
0 (0) 

 
48 (53) 
11 (12) 
17 (19) 
9 (10) 
3 (3) 
2 (2) 
1 (1) 

 

(Yes/No) 
68/10 

(87/13) 
14/0 

(100/0) 
82/10 

(89/11) 

Days 6 [5 – 8] 6 [6 – 8] 6 [5 – 8] 

 

Data as mean (SD), number (%) or median [25th–75th percentile]. BMI, Body mass 

index; ASA, American Society of Anesthesiologists physical status.  
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eFigure 1 Optimized IAV distribution. Intra-abdominal volume (IAV) reported in 

liters. Vertical lines: individual patient data Data are reported for the 78 patients 

analyzed for primary outcome. 
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eFigure 2. Optimized intraabdominal volume (IAV) distribution in ml kg-1. 

Optimized IAV is the estimated volume at individualized intraabdominal pressure. 

Data are reported for the 78 patients analyzed for primary outcome. 
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9 (1.5) 9 (1.6) 9 (1.6) 

12 [2 – 15] 11 [2 – 15] 12 [2 – 15] 

Yes/no 

47/31 
(60/40) 

8/6 
(57/43) 

55/37 
(60/40) 

 

Data are reported as mean (SD), number (%) or median [minimum–

maximum]. Data are reported for the 92 patients analyzed for all outcomes. 

(Intercept) 1.643 1.795 -2.334 5.452 0.36
IAP 0.741 0.109 0.554 0.92 <0.001
Age 0.067 0.018 0.034 0.121 <0.001
BMI 0.349 0.061 0.22 0.445 <0.001
AIC 2772.442

 

IAP (intraabdominal pressure) in mmHg, ΔPRS in cmH2O, Age in years, 

BMI (Body mass index) in Kg/m-2.  Data are reported for the 92 patients 

analysed for all outcomes.
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(Intercept) 1.243 0.659 0.015 2.471 0.064
Gender -0.38 0.215 -0.78 0.02 0.081

Age 0.006 0.006 -0.006 0.017 0.361 
BMI -0.034 0.023 -0.076 0.008 0.133

Pregnancies 0.076 0.078 -0.068 0.221 0.329
PrevAbdSurg -0.123 0.129 -0.363 0.116 0.342

Type of surgery 0.045 0.058 -0.063 0.153 0.442
IAV15 0.623 0.074 0.485 0.761 <0.001

pv0 -0.13 0.06 -0.242 -0.018 0.034
AIC 198.69

Surgeon (Intercept) 0
Residual 0.654

 
Optimized IAV (volume values at optimized intra-abdominal pressure). Gender 

(male/female), Body mass index (BMI), Age in years, pregnancies (number of 

pregnancies), PrevAbdSurg (Previous abdominal laparoscopic or open surgeries), 

type of surgery, IAV15 (intraabdominal volume reached at an intra-abdominal 

pressure of 15 mmHg during initial insufflation) and Pv0 (estimated intra-abdominal 

pressure at zero volume). Data are reported for the 78 patients analyzed for primary 

outcome.
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Background 

Compared to open surgery, laparoscopic surgery generally results in better 

outcomes. (1,2) Compared to open abdominal surgery, a laparoscopic 

approach during abdominal surgery is associated with less blood loss and fewer 

needs for blood transfusions,(3,4) faster recovery of bowel function and oral 

intake resumption,(5,6) less analgesics requirements,(6,7) and shorter length of 

hospital stay (LOS).(3–8) Patient reported outcomes (PROs) are new tools for 

testing quality of recovery in the postoperative seeting and Post operative 

quality of recovery scale (PQRS) has been successfully tested in previous 

studies. 

A high intraoperative intra–abdominal pressures (IAPs) is clearly 

associated with perioperative morbidity.(9–14) While guidelines for laparoscopic 

abdominal surgery recommend the lowest possible IAP at which the surgeon 

has adequate workspace rather than using a predetermined level,(15,16) it 

remains common practice to use a standard IAP level throughout the surgical 

procedure, usually between 12 and 15 mm Hg and sometimes even higher 

depending on surgical indication.(17) Interestingly, while the surgical condition 

depends mainly on the intra–abdominal volume (IAV) and the workspace 

obtained at a given IAP, the focus during pneumoperitoneum insufflation 

remains with the applied IAP.(18) 

Several factors improve the relation between IAP and the obtained 

surgical workspace, including patient positioning,(19) use of neuromuscular 

blockade,(20,21) and pre–stretching of the abdominal wall.(22) The preceding 

‘Individualized Pneumoperitoneum Pressure in Colorectal Laparoscopic 

Surgery’ (IPPColLapSe) I study shows that combining all these factors with 

individualized IAP titration resulted in an acceptable working space at 8 mmHg 

IAP in 61 out of 78 patients (78%).(23) The here presented ‘IPPCollapse II’ 

study tests the hypothesis that this individualized pneumoperitoneum pressure 

strategy improves PQRS when compared to a conventional strategy that uses a 

fixed pneumoperitoneum pressure approach in patients undergoing scheduled 

colorectal laparoscopic surgical intervention. 

 

Methods/Design 
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Study reporting 

This report follows the ‘Standard Protocol Items: Recommendations for 

Interventional Trials and Patient–Reported Outcomes’ (SPIRIT–PRO) 

guidelines. (24,25) Online IPPCollapse II  SPIRIT checklist. 

Study design 

The IPPCollapse II study is a multicentre two–arm parallel–group single–blinded 

randomized clinical study (Figure 1). 

Study setting 

The IPPCollapse II study runs in the operating room and surgical wards of four 

academic hospitals in Spain (OnlineTable 1). 

Study population 

Patients are eligible for participation if (a) scheduled for laparoscopic colorectal 

surgery; (b) aged > 18 years; (c) have an American Society of 

Anaesthesiologists (ASA) physical status I to III; and (d) have no cognitive 

deficits. Exclusion criteria are: (a) no written informed consent; (b) emergency 

or unplanned surgery; (c) pregnancy or breastfeeding; (d) immunologic or 

neuromuscular diseases; (e) advanced stage of cardiopulmonary, renal or 

hepatic disease; and (f) allergy to or contraindications for rocuronium or 

sugammadex. 

Randomization and blinding 

Patients are randomized in a 1:1 ratio to an individualized pneumoperitoneum 

pressure strategy (the intervention group) or a standard pneumoperitoneum 

pressure strategy (the control group). Local investigators perform randomisation 

using a web–based automated randomization system (Biostatistics Unit of the 

Health Research Institute la Fe, Valencia, Spain). 

Randomisation is performed with random block sizes and is stratified per 

centre. While attending anaesthesiologists are aware of the assigned 

pneumoperitoneum pressure strategy, patients and attending surgeons remain 

unaware of the assigned pneumoperitoneum pressure strategy at all times. 

PQRS is a patient reported outcome where the care provider has little room for 

causing bias even unwillingly. Patient is actually blinded to the treatment arm. 

Pneumoperitoneum insufflator screen is covered by a surgical drap. Study team 

member, who are not blinded to randomization, perform postoperative PQRS 

measurements. 
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Standard pneumoperitoneum pressure strategy 

The standard strategy consists of the following elements, to be performed in the 

same order in all patients in the control group: (a) patients are placed in a 

position according to the surgeon's preference within a predefined range of 

Trendelemburg (0–30°); (b) patients receive moderate neuromuscular blockade 

with rocuronium, cisatracurium or atracurium throughout surgery to maintain a 

train–of–four (TOF) between 2 and 4; and (c) IAP is set at 12 mm Hg 

throughout surgery. At any time, surgeons can request for an IAP increase if 

workspace becomes ‘inadequate’; in that case IAP is increased in steps of 1 

mm Hg during 1–minute intervals to a maximum of 15 mm Hg, but not higher 

than the level at which the surgical workspace returns to become ‘adequate’. 

Surgeons will be warned if the IAP reaches the predefined upper limit. 

Neuromuscular blockade pharmacological reversion is achieved with 

neostigmine (2.5 mg or 30–50 µg∙kg-1), according to usual care. 

Individualized pneumoperitoneum pressure strategy 

The multifaceted individualized pneumoperitoneum strategy consists of the 

following elements, that will be performed in the same order in all patients in the 

intervention group: (1) patient position is modified to increase the 

anteroposterior intra–abdominal space by correcting lumbar lordosis (2) patients 

receive deep neuromuscular blockade throughout surgery to maintain a  (TOF) 

of 0 and a Post–Tetanic Count (PTC) between 1 and 5; (3) the abdominal wall 

and muscles are pre–stretched by maintaining an IAP of 15 mm Hg for 5 

minutes during the first CO2 gas insufflation and insertion of trocars ( to achieve 

this the CO2 gas insufflator will be initially set at 15 mm Hg with a flow rate of 3 

L∙min-1); and (4) individualized IAP titration when the patient is placed in the 

surgical position (0–30º Trendelenburg); for this, the flow rate is increased to 30 

L∙min-1 and IAP is decreased from 15 to 12 mmHg, and thereafter stepwise to 

11, 10, 9 and finally 8 mm Hg as long as the attending surgeon keeps 

‘adequate’ workspace. As in the standard pneumoperitoneum pressure group 

surgeons can request an IAP increase up to 15 mm Hg which will be performed 

likewise. Of note, the pressure increment is available in both groups with the 

same methodology, a previous feasibility study showed that pressure increase 

is seldom needed (17 out of 78 need limited increase during pelvic dissection). 

(23) 
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Neuromuscular blockade pharmacological reversion at the end of 

surgery, before tracheal extubation, is achieved with sugammadex 4 mg∙kg-1.  

For clarity, the elements of the two groups strategies compared are 

summarized in Table 1.  

Standard care 

Perioperative management other than the pneumoperitoneum strategy is 

suggested to follow the Spanish Enhanced Recovery Pathway 

recommendations (detailed in onlineTable 2) (26). Continuous intraoperative 

neuromuscular monitoring with acceleromyography (TOF–Watch–SX™, 

Organon–Teknika, Oss, The Netherlands) is used. At the end of surgery 

neuromuscular blockade will be fully reversed to a TOF ratio (TOFr) of at least 

0.9 before tracheal extubation. An electronic CO2 insufflator (Endoflator™, Karl 

Storz, Tuttlingen, Germany) will be used for gas insufflation into the abdominal 

cavity through a paraumbilical–placed laparoscopic trocar/Veress needle. 

Patients in both groups will be ventilated in a volume controlled 

ventilation mode, using a tidal volume of 8 ml/kg predicted ideal body weight, 

with a 20% inspiratory pause time, and positive end–expiratory pressure set at 

5 or 10 mm Hg, in patients with a body mass index (BMI) < 30 or ≥ 30 kg∙m-2, 

respectively. Oxygen inspiratory fraction is 0.8 throughout surgery. Respiratory 

rate is set at 12 to 15 per minute to maintain normal end–tidal CO2 values (27). 

Primary outcome 

The primary outcome is the Post–operative Quality of Recovery Scale (PQRS) 

at postoperative day 1 (POD1) (see below for details). 

Secondary outcomes 

Secondary outcomes include PQRS at 15 minutes (T15) and at 40 minutes 

(T40) after arrival in the Post Anaesthesia Care Unit (PACU), and in the surgical 

wards during the morning at postoperative day 3 (POD3). Other secondary 

clinical outcomes include daily postoperative complications until hospital 

discharge, and at postoperative day 28, hospital length of stay and secondary 

process–related outcomes that include the highest IAP level and intra–

abdominal volume (IAV) at which surgery could be performed, hepatic perfusion 

during pneumoperitoneum, and the ventilatory parameters plateau pressure and 

driving pressure. 
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Occurrences of diaphragm and abdominal wall contractions or spontaneous 

breathing efforts and coughing during surgery are collected and compared 

between the two study groups. 

Substudies 

The IPPCollapse II study has three substudies (please see Protocol 

supplementary content for additional details): 

1. Levels of biomarkers (neutrophil–lymphocyte ratio, C–reactive protein, 

Interleukin 6, and procalcitonin) are measured in peripheral venous blood 

samples obtained before surgery and at POD1 and POD 3 and compared 

between the two study groups. For this substudy, blood samples are 

obtained in all participating centres. 

2. Untargeted metabolomics analysis is performed of peripheral venous blood 

samples and peritoneal tissue, both obtained after initial insufflation of 

pneumoperitoneum and at the end of the procedure. This substudy includes 

the first 10 patients in the Hospital Universitari i Politecnic La Fe, Valencia, 

Spain. 

3. Plasma disappearance rate of indocyanine green (PDRICG) after 

intravenous ICG injection, to evaluate hepatic perfusion during 

pneumoperitoneum as a marker of liver function. (28) This substudy runs 

only at the University Hospital Gregorio Marañon, Madrid, Spain. 

Post–operative Quality of Recovery Scale 

PQRS is a validated multi–dimensional Patient–Reported Outcomes (PROs)–

tool,(29–31) designed to assess patients' recovery to baseline status in the 

postoperative period (www.postopqrs.com). In every patient a baseline 

measurement of PQRS is performed prior to surgery. After surgery, the 

measurement of PQRS is repeated at 15 minutes (T15) and at 40 minutes (T40) 

after arrival in the Post Anaesthesia Care Unit (PACU), as well as in the ward in 

the morning of postoperative day 1 (POD1) and 3 (POD3). PQRS is a verbal 

survey tool that depicts recovery in the following 5 domains: physiologic, 

nociceptive, emotive, functional, cognitive, and also collects overall patient 

perspective. Each of these domains is assessed with multiple items on an 

ordinal scale and compared with baseline to evaluate recovery (see Table 2 for 

details). Recovery is a dichotomized outcome defined by a return to at least 

baseline values or better at each of the postoperative measurement time points. 
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Overall recovery requires recovery in all domains being assessed, and failure in 

any domain results in failure of overall recovery.  

Definitions 

IAP will be recorded as read from the gas insufflator device. In the intervention 

group the ‘individualized IAP’ is defined as the highest IAP needed to obtain 

and maintain an adequate workspace until completion of surgery. IAV is 

calculated by linear interpolation from patient’s IAP–IAV curve obtained during 

initial pneumoperitoneum insufflation matching to IAP at which surgery is 

performed. 

‘Adequate’ workspace is defined as the intra–abdominal workspace 

sufficient to perform the surgical procedure with no need for corrective 

manoeuvres (i.e., IAP increase) as judged by the attending surgeon who 

remains blinded for the actual IAP. Consequently, ‘inadequate’ workspace is 

defined as the intra–abdominal workspace insufficient to perform the surgical 

procedure with the need for corrective manoeuvres (i.e., IAP increase). 

Definitions of the various postoperative complications recorded are 

according to the current European standards for perioperative outcomes (Table 

3). (32) Severity of postoperative complications is evaluated using Clavien–

Dindo grading (Table 4).(33) 

Respiratory system driving pressure (ΔPrs) is calculated by subtracting 

PEEP from Pplat. (34) 

Perioperative safety issues are recorded during the surgery and are 

related to involuntary patient movements, and defined as diaphragm or 

abdominal wall contractions, or spontaneous breathing efforts or coughing 

during anaesthesia. 

Hospital length of stay is defined as hospital discharge date minus 

hospital admission date. 

Data to be collected 

Before anaesthesia: demographic data including age (years), gender, body 

height (cm) and body weight (kg), BMI (kg.m-2), ASA physical status score; 

comorbidities; number of previous abdominal surgeries and number of previous 

laparoscopic surgeries; PQRS. 

During anaesthesia: levels of IAPs at which surgery is performed 

(mmHg) in both groups; proportion of patients that needed a pressure increment 
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to achieve acceptable surgical workspace; IAV at start of pneumoperitoneum 

(litres); coughing and spontaneous movements (yes/no); type of surgery and 

oncologic status; duration of surgery (minutes), duration of anaesthesia 

(minutes); proportion of patient that needed conversion from laparoscopic to 

open surgery and the reason for it (only if applicable); ventilation data including 

PEEP (cm H2O), plateau pressure (cm H2O), respiratory driving pressure 

(ΔPrs,) (cm H2O) before pneumoperitoneum generation and during initial IAP 

titration until a stable level of IAP is reached in both groups; type and dose of 

neuromuscular blocking agent (mg); type and dose of neuromuscular blocking 

reversal agent (mg); total opioid requirement during the first 24 hours if used 

(mg); and plasma disappearance rate of indocyanine green (PDRICG) in the 

stable pneumoperitoneum phase. 

Directly after anaesthesia, in the PACU: PQRS at 15 and 40 minutes 

after PACU admission and on Postoperative day 1 and 3: PQRS in the morning 

and peripheral venous blood samples are obtained for determination levels of 

biomarkers. 

All postoperative days till hospital discharge and at day 28: occurrence of 

postoperative complications and location. 

Analysis plan 

The statistical analysis plan (SAP) is specified before enrolment of the first 

patient. In the absence of studies assessing differences in recovery, based on 

intraoperative IAP management during laparoscopic colorectal surgery, we 

performedthe sample size calculation assuming an odds ratio of 2.65 

(equivalent to a difference of 0.5 units in the logit scale) between groups in the 

physiologic PQRS recovery scale, it was estimated that a sample size of 170 

patients is required to achieve 80% power at a significance level of alpha = 

0.05. All reasons for dropouts, expected to be as low as 10%, will be collected 

and reported. Conversion to open surgery was the main reason for drop out in 

previous study.  We will recruit a total of 190 patients to compensate for 

potential losses. 

All analysis will be performed with R software (R Foundation for 

Statistical Computing, Vienna, Austria). Data will be expressed as the mean 

(SD) or median [IQR] for continuous variables depending on their distribution 

(normality will be checked with Shapiro–Wilks test), and by counts and 
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proportions for categorical variables. The 95% confidence intervals will be 

calculated for each of the estimated percentiles. Statistical significance level will 

be set at P < 0.05. 

The analysis of the primary endpoint follows the intention–to–treat 

principle. The difference between the PQRS score between groups, primary 

outcome on POD1, will be assessed by mixed ordinal logistic regression 

introducing the patient as random factor, and age, weight, BMI and sex as 

covariables. 

The differences in Clavien–Dindo grading of postoperative complications 

will be assessed by ordinal regression. 

For IAV calculation the relationship between IAP and the insufflated 

volume of CO2 will be determined for each patient during initial 

pneumoperitoneum insufflation. The relationship between IAP and IAV was 

analysed by linear interpolation from the individual IAP/IAV curves to determine 

the actual IAV at which surgery is performed. The IAP before CO2 gas 

insufflation was considered the basal IAP or intra–abdominal pressure at 

volume zero, and was estimated by fitting multiadaptive linear regression 

splines to intraabdominal volume and pressure relationship. 

Differences in continuous variables between groups (IAP, IAV, LOS, 

inflammatory biomarkers) will be assessed by linear regression or with Mann–

Whitney U test (if normal distribution assumption rejected by Shapiro-Wilks 

test). 

Differences in ΔPrs between groups will be assessed by linear regression. A 

multivariable model introducing BMI, previous laparoscopic surgery and age, 

will be fitted for predictive purposes. 

Differences in the plasma disappearance rate of ICG are assessed by 

beta regression. 

The occurrence of cough or spontaneous movements during anaesthesia 

are assessed by logistic regression. 

The relationship between IAP and IAV will analysed by linear 

interpolation from the individual IAP/IAV curves. The IAP before CO2 gas 

insufflation (IAP at volume zero) will be estimated by fitting multi–adaptive linear 

regression splines to intra-abdominal volume and pressure relationship. If a 
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variable has a frequency of missing data > 5% data will be imputed by the 

multiple imputation method.  

As there is no ethically unacceptable risk related to the primary outcome 

analyzed there will be no planned interim analysis. 

Adverse events 

The investigator record in the CRF any adverse event (AE, serious, SAE or 

non-serious, nSAE) that occurs in a patient in the clinical trial, related to the 

study medication or not, (including the observational period, and before and 

after treatment). The AE will be followed up by the investigator and documented 

in the CRF up to 28 days after the end of the treatment period. All AEs (except 

those identified as not requiring immediate notification by the study protocol) will 

be notified within 24 hours to the Steering committee of the investigator 

becoming aware of the SAE.  

Auditing 

Site may be subject to audits, IEC/IRB review, and regulatory inspection(s). 

Local investigators will provide direct access to the source data documents 

(See Additional file 4 content for full detail).  

Ethics and dissemination 

The study will be carried out according to a protocol reviewed and approved at 

a national level by the Institutional Review Board (IRB) of Hospital Universitari I 

Politécnic la Fe, Valencia, Spain, and Agencia Española del Medicamento y 

Productos sanitarios (AEMPS). The study has been registered at 

clinicaltrials.gov (identifier: NCT02773173, May 16, 2016) and EudraCT (2016–

001693–15), and is conducted in accordance with the Declaration of Helsinki on 

ethical principles for medical research in human subjects, adopted by the 

General Assembly of the World Medical Association (1996). Data management, 

monitoring and reporting of the study is performed in accordance with the 

International Conference on Harmonization – Good Clinical Practice guidelines 

(ICH) (CPMP/ICH/135/95) and the regulatory requirements for participating 

institutions by Spanish Clinical Research Network (SCReN). Investigators 

collect a written informed consent form in compliance with the GCP 

recommendations to the patient or his/her legal representative if his/her clinical 

conditions do not allow him to review and approve it. Investigators provide a 

copy of the signed informed consent form to each subject and keep a copy in 
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the subject's study file. This study protocol is reported following the Standard 

Protocol Items: Recommendations for Interventional Trials (SPIRIT) and 

Patient–Reported Outcomes (SPIRIT–PRO) guidelines (24)(25). 

The results of the study will be communicated through the portal of 

European Medicine Agency and will be sent for publication in a peer–reviewed 

medical journal. Authorship will be based on International committee of medical 

journal editors (ICMJE) criteria. No professional writer will be involved. After 

publication of the primary results, upon request, the pooled dataset will be 

available for all members of the IPPColLapSe II study group for secondary 

analysis, after judgment and approval of scientific quality and validity of the 

proposed analysis by the Steering Committee. Access to source data will be 

made available through national or international anonymized datasets upon 

request and after agreement of the IPPColLapSe II steering committee. 

 

This study is the first randomized clinical study that tests the hypothesis that an 

individualized pneumoperitoneum pressure strategy focusing on using the 

lowest possible IAP, compared to a conventional pneumoperitoneum pressure 

strategy, improves recovery after laparoscopic colorectal surgery. This study 

uses PQRS as well as the occurrence of postoperative complications until 

postoperative day 28, and hospital length of stay. Furthermore, we assess 

process–related outcomes like IAP and IAV during pneumoperitoneum, and 

associated ventilator parameters. A strong multidisciplinary commitment 

between members of the perioperative team, consisting of surgeons and 

anesthesiologists, makes this complex study feasible. 

The IPPColLapSe II study has several strengths. Its prospective design 

will allow high accuracy of data to be collected, and its sample size allows us to 

draw valid conclusions. Selection of patient–reported outcomes as the primary 

outcome of this study facilitate the translation into clinical practice. To the best 

of our knowledge this is the first multicentre randomized clinical study 

evaluating the clinical effect of a tailored IAP management. Surgeon will remain 

blinded for the IAP allowing us to titrate the IAP to the lowest possible level, i.e., 

the level at which surgeons have adequate working space. Furthermore, we aim 
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to describe the relationship between IAP and actual IAV at which surgery is 

performed. This could lead, on one hand, to gather evidence towards 

establishing a volume threshold (e.g. actual workspace) for colorectal 

laparoscopic to replace the standard pressure threshold, and on the other, to 

describe the abdominal pressure–volume relationship in a first attempt to 

achieve something similar to our understanding of lung dynamics during 

ventilation. Additionally, we link directly the respiratory system and abdomen by 

assessing IAP and respiratory driving pressure relationship. This could lead to 

make a step further as far as protective ventilation in the operating room in 

concerned. 

The here proposed study differs from previous studies on this topic. Most 

studies so far evaluated the individual components of the multifaceted strategy 

and are largely focused on surgical conditions and not patient–centred 

outcomes. Besides they just find minor gains from abdominal pre-stretching, or 

patient positioning optimization and offer inconclusive results or marginally 

positive effect   for the level of neuromuscular blockade. (35–45) Two studies 

find useful IAP titration in decreasing conventional IAP management, but do not 

focus on clinical outcomes (46,47). 

From our knowledge, only one study so far focused on quality of 

recovery, using the QoR–40, a 40–item questionnaire on quality of recovery 

from anaesthesia (36). This study, comparing surgery at low IAP (6 mm Hg) 

versus standard IAP (12 mm Hg) during laparoscopic donor nephrectomy under 

deep neuromuscular blockade, found no differences in QoR–40. Of note, in this 

study surgeons were not blinded for the IAP and in 25% of patients surgery had 

to be converted to the standard pressure, probably due to surgeon’s learning 

curve. We recently performed the IPPColLapSe I study in which we evaluated 

feasibility of the intervention that is to be tested in the present study (23). The 

intervention was found to be safe, highly feasible and resulted in an acceptable 

working space at low IAP in most patients. We did not look at patient outcomes 

in the preceding study. 

PQRS has been successfully tested in previous studies to evaluate 

differences in recovery.(48-51) We acknowledge that finding differences in 

patient reported outcomes by PQRS modifying a single strategy in a high quality 

environment could be difficult (52–54). In order to evaluate minor differences in 
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recovery mainly in laboratory data we perform three substudies. Levels of 

biomarkers (neutrophil–lymphocyte ratio, C–reactive protein, Interleukin 6, and 

procalcitonin) in the postoperative recovery period are linked to 

immunosuppression and postoperative complications.(55,56) Metabolomics 

untargeted intraoperative analysis of blood samples and peritoneum biopsies 

allow us to depicted differences between groups in the intraoperative and 

generate hypothesis for new studies. Plasma disappearance rate of 

indocyanine green (PDRICG) has been used successfully to evaluate hepatic 

perfusion in critically ill patients with intra-abdominal hypertension (28) and 

could draw differences in hepatic perfusion during pneumoperitoneum in this 

study. 

This study has limitations. We exclude ASA IV patients that could benefit 

more from working with low IAP: Since we test a multifaceted strategy it will 

remain uncertain which part of the strategy will have the largest impact. In fact, 

it could be that not all parts have the same magnitude of effect, and it could 

even be that some parts have no effect at all. Of note, reversal of 

neuromuscular blockade with sugammadex instead of neostigmine could 

improve PQRS recovery at T40 although not at POD1 or POD3. Surgeons, 

blinded for the actual IAP, will evaluate surgical conditions in a practical 

dichotomous manner as adequate or not, depending on whether any corrective 

action is needed. This way of measurement might difficult comparisons with 

other studies, as those using the Leiden–Surgical Rating Scale. The 

investigators performing PQRS evaluation are not blinded for the intervention, 

creating a risk of detection bias. Nevertheless, this risk is somewhat attenuated 

by the fact that as with PRO by design, the ultimate outcome assessor is the 

patient which is kept blind to the intervention. We calculated the sample size of 

our study on PQRS differences thus our sample could be underpowered for 

some secondary outcome that can potentially require a larger sample. In 

conclusion IPPColLapSe II study is designed to test if an individualized 

pneumoperitoneum pressure and optimized management versus conventional 

care affects outcome of patients undergoing colorectal laparoscopic surgery 

using relevant patient-centred outcomes.  
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IPPCollapse II flowchart. 

71



Capítulo 3 

Hospital Universitari I Politecnic la Fe, Valencia, Spain 100 
Hospital General Universitario, Castellon, Spain 30 
Hospital General Universitario Gregorio Marañon, Madrid, 
Spain 

30 

Hospital Universitario Virgen Macarena, Sevilla, Spain 30 
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1. Acute kidney damage. 
2. Acute respiratory distress syndrome (ARDS) 
3. Suture dehiscence 
4. Arrhythmia 
5. Cardiac arrest 
6. Cardiogenic pulmonary edema 
7. Deep vein thrombosis 
8. Postoperative delirium 
9. Gastrointestinal bleeding 
10. Infection 
11. Bacteremia 
12. Myocardial infarction. 
13. Myocardial injury after non-cardiac surgery 
14. Pneumonia 
15. Paralytic ileus 
16. Post-operative hemorrhage 
17. Pulmonary embolism 
18. Cerebrovascular accident 
19. Infection of surgical wound (superficial) 
20. Infection of surgical wound (deep) 
21. Infection of surgical (organ) wound 
22. Urinary tract infection 

1. Respiratory infection 
2. Respiratory failure 
3. Pleural effusion 
4. Atelectasis 
5. Pneumothorax 
6. Bronchospasm 
7. Pneumonia due to aspiration 
Postoperative complications recorded according to the current European 
standards for perioperative outcomes 

74



Estrategia individualizada de pneumoperitoneo en cirugía laparoscópica 

 

Any deviation from the normal postoperative course without the 
need for pharmacological treatment or surgical, endoscopic and 
radiological interventions 
Allowed therapeutic regimens are: drugs as antiemetic, antipyretics, 
analgesics, diuretics and electrolytes and physiotherapy. This grade 
also includes wound infections opened at the bedside. 

Requiring pharmacological treatment with drugs other than such 
allowed for grade I complications. Blood transfusions and total 
parenteral nutrition are also included. 

Requiring surgical, endoscopic or radiological intervention 

Intervention not under general anaesthesia 

Intervention under general anaesthesia 

Life-threatening complication (including CNS complications)* 
requiring IC/ICU-management 

Single organ dysfunction (including dialysis) 

Multiorgan dysfunction 

Death of a patient 

If the patients suffers from a complication at the time of discharge, 
the suffix "d" (for 'disability') is added to the respective grade of 
complication. This label indicates the need for a follow-up to fully 
evaluate the complication. 

 Brain hemorrhage, ischemic stroke, subarrachnoidal bleeding,but excluding 
transient ischemic attacks (TIA);IC: Intermediate care; ICU: Intensive care unit 

CNS: Central Nervous system 
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1. Sample processing, preparation and analysis. Protocol for substudies of 

IPPCollapse–II. 

Sample processing 

Blood samples for the level of biomarkers are collected according to usual 

clinical practice in each collaborating centre and analysed by its respective 

reference laboratory. 

Blood samples for metabolomics analysis are collected prior to 

anesthesia induction, immediately after pneumoperitoneum generation and at 

the end of the laparoscopic procedure. Samples consisting of 5 ml of blood are 

extracted from a peripheral venous access in a heparin anticoagulant tube, and 

identified with the patient's identification number and sample number. Samples 

are kept at 4ºC before being transferred to the metabolomics unit within the 

hospital within 2 hours. The samples are centrifuged for 10 minutes at 1300 rpm 

and 4ºC. After centrifugation, 400uL plasma is aliquoted and stored at –80º C. 

Peritoneal tissue samples for metabolomics analysis are collected following the 

same methodology at baseline after pneumoperitoneum generation and at the 

end of the laparoscopic procedure. Samples are identified with the patient's 

identification number and sample number and kept in liquid nitrogen tank 

located in the surgical unit until analysis. 

Sample preparation  

For the procedure of the plasma samples, once thawed, the proteins will be 

precipitated by using three volumes of organic solvent, centrifugation (3500 

rpm), collecting the supernatant and transferring it to a chromatographic vial for 

analysis. 

The treatment of the tissue samples will be carried out by 

homogenization with methanol in Precellys homogenizer at 4 ° C using two 

cycles of 25s at a speed of 6500rpm with intervals of 10 s. After centrifugation 

of the extract, the supernatant will be concentrated and redissolved in the ideal 

solution for subsequent chromatographic analysis. 

LC-QToF Analysis 

The metabolomics analysis will be carried out by means of a chromatographic 

separation using the UPLC (ultra performance liquid chromatography) 
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chromatographic system available in the Analytical Unit and a Acquity UPLC 

HSS T3 type chromatographic column (100 x 2.1 mm, 1.8 μm) from Waters 

(Wexford, Ireland) or similar. The detection will be carried out by means of a 

mass spectrometer with time of flight analyser, 6550 QTOF Agilent, available in 

the Analytical Unit and ideal for "untargeted" approaches. The data in TOF MS 

full scan mode will be recorded from 50 to 1000 m / z (mass / load ratio) with a 

scan time of 0.1 s. A LockSpray interface will be used to maintain mass 

accuracy during the analysis. 

The treatment of the samples, as well as the acquisition of data will be 

carried out under BPL regulations (good laboratory practices), which 

guarantees the quality and traceability of the results obtained. 

Data analysis  

The metabolomics comparative analysis between the different samples (data 

matrices) will require a processing of the data before its analysis, normally an 

alignment and a normalization. A chemometric approach will be applied, based 

on PACA and PLSDA models, for the selection of informative and discriminant 

variables (metabolites) that facilitate the marker selection process. Once the list 

of possible markers is configured, an unsupervised hierarchical analysis will be 

carried out in order to check their discriminatory capacity and subsequently they 

will be identified by consulting databases (HMDB, KEGG), MS / MS spectra and 

/ or injection. of standards.  

2. Details on study logistics and data management 

Study organization 

The principle investigator (Diaz-Cambronero) and the two investigators involved 

in the initial design of IPPColLapSe II study (Mazzinari and Errando) form the 

Steering Committee. Local main investigators are responsible for identifying and 

recruiting participating patients in each centre. They will assist and train local 

investigators and oversee conduct of the study, including administrative 

management, record keeping and data management. Local investigators at 

individual participating centres will provide scientific and structural leadership, 

ensuring local ethical and regulatory approvals are obtained before patient 

inclusion starts. The sponsor guarantees the quality and security of the data 

collected. 
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Prior to the start of the study, the teams in each centre will receive a 

training session on how to capture data in the electronic Case Report Form 

(eCRF). All team members will be provided with a manual of operations with 

instructions on how to accurately fill the forms and the screening log.  

Data management 

Data will be collected from the patient paper/electronic medical chart and 

recorded on paper CRF and successively transcribed into an electronic CRF 

(eCRF) at a later time point. Local investigators transcribe the collected data 

directly onto an anonymized internet–based eCRF 

(http://remote.iislafe.san.gva.es/ippcollapse/). Access to the data–entry system 

is protected by a personalized username and password. To optimize the quality 

of the data, the implemented eCRF automatically cross–check the entries and 

check for abnormal or erroneous values in data. 

The data will be kept on a central secured server located at the Hospital 

Universitari i Politecnic la Fe, Valencia, Spain. Personal information will be 

protected as dictated by the Spanish Personal Data Protection Law (Ley 

Orgánica 15/1999 de Protección de Datos de Carácter Personal).  

Data monitoring 

Data managing, monitoring, and study reports will be done by independent 

monitors from the Spanish Clinical Research Network (SCReN; 

https://www.scren.es) as per the ICH-GCP Guidelines (CPMP/ICH/135/95). 

Monitoring activities will be conducted to ensure the protection of the rights and 

well–being of the participants in the clinical trial, to ensure that the data 

recorded are precise, complete and verifiable from the source documentation 

and that the conduct of the trial is done in accordance with the current approved 

version of the protocol and modifications in effect, with the GCPs, SOPs and 

any other applicable regulations. Sponsor’s monitors will guarantee that all parts 

involved in the trial receive training in the specific protocol procedures, that 

adverse events and follow–up are adequately reported, that the CRFs are 

completed on time, and that any major deviations from the protocol are 

identified and reported without delay. The frequency and proportion of 

parameter verifications will be performed at each centre in accordance with 

what is established in the Monitoring Plan. All monitoring activities, including 
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initiation, follow–up and close out visits will be documented in accordance with 

the Sponsor’s procedures.
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Published in Trials 2020; 21:70 

After the publication of the original article [1], the authors have notified us that 

there are changes in the primary outcome and the statistical analysis plan of the 

study. These changes were made after the recruitment of participants and after 

approval by the Institutional Review Board, and registration at clinicaltrials.gov 

(study identifier), but before cleaning and closing of the database. 

The Postoperative Quality of Recovery Scale (PQRS), an outcome used 

in the IPPCollapse II study, is a five–dimensional ordinal scale designed to 

estimate patients’ recovery in the postoperative period [2]. Each patient is 

scored at predefined time points and is classified as either ̒recovered’ if the 

score reaches at least the predetermined baseline score or ‘not recovered’ if 

otherwise. The five dimensions are then combined in an ‘overall score’ – a 

patient is classified as ‘overall recovered’ if ‘recovered’ in every domain and as 

‘overall not recovered’ if ‘not recovered’ in any of the five domains. 

Outcome variables that are repeatedly assessed over time in the same 

study patients are to be treated as ‘repeated measures’ or ‘longitudinal data’ [3]. 

Common statistical techniques applied on cross-sectional data assume 

independence between observations [4]. This crucial assumption is not fulfilled 

by ‘repeated measures’ or ‘longitudinal data’. Ignoring this correlation can lead 

to biased estimates, invalid P values and confidence intervals, as well as loss of 

statistical power [5,6]. 

We incorrectly detailed how the PQRS score was to be analysed. We 

suggested to treat the scores at the four different time points as individual 

outcomes. From hindsight we feel that this approach does not consider the 

conceptual underlying model (i.e., between patients' variability) and the 

temporal design. Furthermore we also imperfectly reported our primary outcome 

since we did not specified which domain of the scale was analyzed as primary 

endpoint although we did report which one we used (i.e. physiologic score) in 

the sample size calculation. We therefore changed the primary and secondary 

outcomes as follows: 

85



Capítulo 3 

1. The primary outcome of the IPPCollapse II study is the recovery of the 

‘physiologic’ component of the PQRS score over the assessed time 

points; 

2. The other domains, i.e., the ‘nociceptive’, ‘emotional’, ‘cognitive’, and 

‘functional’ components, as well as the ‘overall score’ are used as 

secondary outcomes; 

3. Association between group assignment and recovery of PQRS score in 

each domain is assessed by a mixed logistic regression, introducing 

patients as random factors, and age, weight, BMI and sex as 

covariables; 

4. The originally reported analysis (i.e. ordinal regression) is still carried out, 

however only as a sensitivity analysis. 

 

References 

1.Diaz-Cambronero O, Mazzinari G, Errando CL, Schultz MJ, Flor Lorente B, García-

Gregorio N, et al. An individualised versus a conventional pneumoperitoneum pressure 

strategy during colorectal laparoscopic surgery: Rationale and study protocol for a 

multicentre randomised clinical study. Trials. 2019;20(1):1–13.  

2.Royse CF, Newman S, Chung F, Stygall J, McKay RE, Boldt J, et al. Development 

and feasibility of a scale to assess postoperative recovery : The post-operative quality 

recovery scale. Anesthesiology. 2010;113(4):892–905.  

3.Schober P, Vetter TR. Repeated Measures Designs and Analysis of Longitudinal 

Data: If at First You Do Not Succeed—Try, Try Again. Anesth Analg. 2018 

Aug;127:569-575. 

4.Verbeke G, Fieuw S, and Molenberghs G, Davidian M. The analysis of multivariate 

longitudinal data: A review. Stat Methods Med Res. 2014; 23: 42–59.  

5.Ma Y, Mazumdar M, Memtsoudis SG. Beyond Repeated-Measures Analysis of 

Variance Data in Anesthesia Research. Reg Anesth Pain Med. 2012;37:99–105.  

6.Windt J, Ardern CL, Gabbett TJ, Khan KM, Cook CE, Sporer BC, et al. Getting the 

most out of intensive longitudinal data: A methodological review of workload-injury 

studies. BMJ Open. 2018;8:1–17. 

  

86



 

Capítulo 4  
 
 

Effect of an Individualized vs Standard Pneumoperitoneum Pressure Strategy 
on Postoperative Recovery – a randomized clinical trial in laparoscopic 

colorectal surgery.  
 

Diaz Cambronero,O, Mazzinari G, Flor Lorente B, Robles-Hernández D, Olmedilla 

Arnal LE, Martín-DePablos A, Schultz MJ, Errando CL, Argente Navarro MP, for the 

IPPCollapse-II study group.  
 

Br J Surg. 2020 Nov;107(12):1605-1614.  

doi: 10.1002/bjs.11736. Epub 2020 Jun 7. PMID: 32506481 

Q1 IF 5.02 

 

Author response to: Comment on: Effect of an individualized versus standard 
pneumoperitoneum pressure strategy on postoperative recovery: a 

randomized clinical trial in laparoscopic colorectal surgery. 
 

Díaz-Cambronero O.  
 

Br J Surg. 2020 Nov;107(12): e630-e631.  

doi: 10.1002/bjs.11932. Epub 2020 Sep 21. PMID: 32964433 

Q1 IF 5.02



 

 



Capítulo 4 

While it is recommended to use the lowest possible intra–abdominal pressure 

(IAP) during laparoscopic surgery at which an acceptable surgical workspace is 

maintained1, it is common practice to use a ‘fixed’ and usually high IAP level2. 

Indeed, IAP is frequently set between 12 and 15 mmHg, and even higher 

depending on the surgeon’s preference3. An increase in IAP during 

pneumoperitoneum for laparoscopic surgery may cause inflammation and injury 

of the peritoneal mesothelium4,5. A low IAP leads to less postoperative pain6, 

but definitive evidence for the benefit of a low IAP during pneumoperitoneum 

concerning other patient–centred outcomes remains lacking. 

Patient positioning7, use of deep neuromuscular blockade8,9, 

intraoperative ventilation with a low tidal volume10, and pre–stretching of the 

abdominal wall11 all help to improve the relationship between IAP and intra–

abdominal volume (IAV). Combining these measures results in an adequate 

working space at lower IAP in most patients12. The current study aimed to 

assess if a recently developed individualised pneumoperitoneum pressure (IPP) 

strategy, that uses all above–mentioned measures, improves patient–centred 

outcomes. It was hypothesized that use of an IPP strategy, compared with the 

use of a standard pneumoperitoneum (SPP) strategy, leads to faster patient 

recovery. 

 

Study design 

The ‘Individualized Pneumoperitoneum Pressure in Colorectal Laparoscopic 

Surgery versus Standard Therapy II study’ (IPPCollapse II) is a double–blind 

two–arm parallel–group multicentre randomised clinical trial performed at four 

university–affiliated hospitals in Spain. The Institutional Review Board of the 

Hospital Universitario y Politécnico la Fe in Valencia, Spain, approved the study 

protocol as well as a subsequent modification of the protocol concerning 

extension of recruitment. The study protocol, and study conduct was in 

compliance with the Helsinki Declaration and Spanish legislation for biomedical 

research. Written informed consent was obtained from all subjects before 

entering the trial. The study was registered before patient enrolment at EudraCT 

89



Estrategia individualizada de pneumoperitoneo en cirugía laparoscópica 

 

(study identifier: 2016–001693–15) and clinicaltrials.gov (study identifier 

NCT03435913), and the study protocol was prepublished13 and updated14. 

Inclusion and exclusion criteria 

Patients were eligible if: (1) scheduled for laparoscopic colorectal surgery, (2) 

aged > 18 years, (3) with an American Society of Anesthesiologists (ASA) 

physical status < IV, and (d) without cognitive deficits. Exclusion criteria 

included: (1) absence of written informed consent; (2) emergency or unplanned 

surgery; (3) pregnancy or breastfeeding; (4) immunologic or neuromuscular 

diseases; (5) advanced stage of cardiopulmonary, renal or hepatic disease; and 

(6) allergy to or contraindications for rocuronium or sugammadex. 

Randomisation and blinding 

Patients were randomised in a 1:1 fashion to the IPP strategy or the SPP 

strategy. Local investigators performed randomisation using a web–based 

automated randomisation system. Randomisation was performed with random 

block sizes and stratified per centre. While attending anaesthesiologists were 

aware of group assignment, the attending surgeons as well as the patients 

remained unaware of assignment at all times, i.e., before, during and after 

surgery. 

Details of the two IAP strategies 

The IPP strategy has been described before in detail12. In short, this strategy 

consists of (i.)  ̒modified lithotomy position’, with flexed hips (between 45 and 

90°) and raised legs in padded supports to increase the anteroposterior intra–

abdominal space by correcting lumbar lordosis; (ii.) deep neuromuscular 

blockade throughout surgery to maintain a train–of–four (TOF) count of 0 and a 

post–tetanic count (PTC) between 1 and 5 both assessed with 

acceleromyography at the thumb; (iii.) pre–stretching of the abdominal wall 

muscles by maintaining an IAP of 15 mmHg for five minutes at the beginning of 

CO2 insufflation and insertion of abdominal trocars; (iv.) IAP titration from 15 to 

12 mmHg, and stepwise to 11, 10, 9 and finally 8 mmHg as long as the 

attending surgeon keeps an ‘adequate’ workspace after the patient was placed 

in a 0–30° Trendelenburg position; and (v.) neuromuscular blockade reversal at 

the end of surgery, before tracheal extubation, with sugammadex 4 mg∙kg-1. 

The SPP strategy consists of (i.) patient positioning according to the 

surgeon’s preference in the Trendelenburg position (0–30°); (ii.) moderate 
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neuromuscular blockade with rocuronium, cisatracurium or atracurium 

throughout surgery to maintain a TOF count between 2 and 4; (iii.) IAP set at 12 

mmHg throughout surgery; and (iv.) neuromuscular blockade reversal, 

according to usual care with neostigmine (2.5 mg or 30–50 μg∙kg−1). 

The two IAP strategies are further detailed in the Supplementary Digital 

Content eTable 1. With both IAP strategies, the surgeon could request for an 

increase in IAP if the workspace became ‘inadequate’. This was done in steps 

of 1 mmHg during 1–minute intervals until the workspace became ‘adequate’, 

but never higher than 15 mmHg at which surgeons were warned that the upper 

IAP limit was reached.  

Standard care 

In both groups, intraoperative ventilation consisted of volume–controlled 

ventilation, using a tidal volume of 8 ml∙kg-1 of predicted ideal body weight, with 

a 20% inspiratory pause time, and a positive end–expiratory pressure (PEEP) 

set at 5 or 10 cm H2O in patients with a body mass index (BMI) of < 30 or ≥ 30 

kg∙m-2, respectively. Respiratory rate was set between 12 and 15 breaths per 

minute to maintain normal end–tidal CO2 values. Perioperative analgesia 

management included the use of intravenous opioids and non–steroidal anti–

inflammatory drugs, and CO2 insufflation was performed with a standard 

commercial gas that was neither heated nor humidified. Other aspects of 

perioperative management were to follow where possible the recommendations 

of the Spanish ‘Enhanced Recovery After Surgery’ guidelines (the full guidelines 

are in Supplementary Digital Content). 

Measurements and definitions 

The ‘Post–operative Quality of Recovery Scale’ (PQRS), used for the primary 

endpoint, is a verbal survey tool that assesses recovery in the following five 

domains: physiologic, nociceptive, emotive, functional, cognitive, and also 

collects overall patient perspective15. Each of these domains is assessed with 

multiple items on an ordinal scale and compared with baseline to evaluate 

recovery (detailed in Supplementary Digital Content eTable 2). A baseline 

PQRS was obtained before surgery. After surgery, the PQRS was obtained at 

15 min (T15) and 40 min (T40) after arrival in the PACU, and in the ward in the 

morning of the first and third postoperative day (POD1 and POD3). We 

anticipated patients to stay within the hospital of surgery for at least 3 days, 
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based on local experiences. If hospital discharge would happen before day 3, it 

was planned to censor data from the moment of the last follow–up within the 

hospital of surgery. ‘Recovery’ is a dichotomised outcome defined by a return to 

at least baseline value or better. ‘Overall recovery’ requires recovery in all 

domains, i.e., failure in any domain means a lack of ‘overall recovery’.  

Intraoperative adverse events (AEs) were involuntary patient 

movements, like diaphragm or abdominal wall contractions, and spontaneous 

breathing efforts or coughing. Postoperative complications definitions were in 

accordance with the current European standards for perioperative outcomes 

(for details see Supplementary Digital Content eTable 3). To evaluate the 

severity of postoperative complications we used the Clavien–Dindo grading (for 

details see Supplementary Digital Content eTable 4). 

Blood samples were obtained on the POD1 and POD3 follow up visits for 

PQRS assessment. Plasma samples were analysed for the neutrophil–

lymphocyte ratio (NLR) and C–reactive protein (CRP) level at the central 

laboratory in participating hospitals with particle-enhanced immunoturbidimetry. 

In the IPP group, the ‘individualised IAP’ was the highest IAP needed to obtain 

and maintain an adequate workspace until completion of surgery. ‘Adequate’ 

workspace was defined as an intra–abdominal workspace sufficient to perform 

the surgical procedure with no need for an increase in IAP, as judged by the 

attending surgeon. ‘Inadequate’ workspace was defined as an intra–abdominal 

workspace insufficient to perform the surgical procedure. 

Endpoints 

The primary endpoint was the PQRS for the physiologic domain15,16. Secondary 

outcomes included the PQRS for nociceptive, emotive, cognitive recovery and 

activity of daily life, and the overall PQRS, and occurrence of intraoperative and 

postoperative complications, hospital length of stay, and course of plasma 

markers of inflammation up to postoperative day three.  

Power calculation and modification 

In the absence of studies that used PQRS in the setting of intraoperative IAP 

management during laparoscopic surgery, we performed a sample size 

calculation assuming an odds ratio (OR) of 2.65 between groups in the recovery 

of physiologic PQRS score, which is equivalent to a difference of 0.5 unit in the 
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logit scale. A sample size of 170 patients was required to achieve 80% power at 

an alpha of 5%, with a dropout rate of 20%. 

During the conduct of the study it was decided to proceed with an open 

surgical approach in a larger than expected number of patients. Therefore, an 

extension to recruit 205 patients was requested, which was approved by the 

Institutional Review Board of the Hospital Universitario y Politécnico la Fe, 

Valencia, Spain. 

Statistical analysis 

The primary analysis concerned a modified intention–to–treat analysis based on 

the target condition, i.e., patients that actually underwent laparoscopic 

colorectal surgery, and in whom the surgical procedure was not converted to 

open abdominal surgery17. 

Continuous variables are reported as median [25th–75th percentile]. 

Normality was checked by examination of quantile–quantile plot. Categorical 

variables are reported as percentages and proportions. In case of >5% of 

missing data, imputation was performed using the mice package for R software. 

Values were imputed by chained equation with predictive mean matching 

creating 5 datasets that were jointly used to fit regression models18. 

To assess the association between the pneumoperitoneum strategy (IPP 

or SPP) and PQRS scores, a mixed logistic regression model was fitted with 

age, IMC, duration of surgery and gender as covariables and patient as a 

random factor to count for interindividual variability. The association between 

the two strategies and the incidence of intraoperative adverse events was 

assessed by Fisher's exact test. To assess the association between the 

pneumoperitoneum strategy (IPP or SPP) and postoperative complications, an 

ordinal model was fitted with postoperative complications introduced as an 

ordinal scale according to Clavien–Dindo severity score and age, IMC, ASA, 

duration of surgery and gender as covariables. To assess the association 

between the pneumoperitoneum strategy (IPP or SPP) and hospital length of 

stay a Cox regression model was fitted introducing an interaction term between 

incidence of complications and severity of complications. 

Also, we analysed the PQRS scores as ordinal variables13. This 

approach implies no dichotomisation of PQRS outcomes and treating them as 

ordered categories variables. 
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A mixed linear regression with age, IMC, duration of surgery as 

covariables was fitted to assess the association between the two 

pneumoperitoneum strategies and course of NFL and CRP plasma levels. 

Study protocol prespecified a missing data threshold of 5% to perform 

imputation. NLR and CRP had a missing rate of 6.4% and 13.2% respectively, 

thus analysis for these outcomes were performed after missing values 

imputation. In a posthoc analysis, a mixed logistic regression was used to 

assess if postoperative plasma NFL or plasma CRP levels were associated with 

the primary endpoint  

All analyses were performed with R software version 3.5.2 (R Foundation 

for Statistical Computing, www.r-project.org). Statistical significance was set for 

two–tailed at P < 0.05 and no correction for multiple comparison was 

preplanned. 

 

Patients 

Patient flow and patient demographics are presented in Figure 1 and Table 1. In 

total, 204 patients were included and randomised between February 2017 and 

November 2018. Of them, 38 patients did not receive the allocated intervention, 

mainly because it was decided to perform open surgery instead of the planned 

laparoscopic intervention. Thus, 166 were included in the modified intention–to–

treat analysis. Baseline characteristics were well balanced and intraoperative 

characteristics were not different between the two groups. Follow–up for the 

primary endpoint was complete up to POD3, since all patients stayed in the 

hospital till at least postoperative day 3. 

Intervention 

Empirical cumulative distribution function and relative percentages of the IAP 

used during pneumoperitoneum in the two groups are presented in Figure 2. In 

80 (94%) patients in the IPP group, IAP during pneumoperitoneum remained 

below 12 mmHg. A rise in IAP was requested in 20 (24%) patients and in 7 

(7%) patients in the IPP group and the SPP group, respectively (P<0.001). This 

need for a higher IAP resulted in an increase to 10 [95%–CI 10–10] and to 15 

[95%–CI 14–15] mmHg, in the IPP and the SPP group, respectively. The 
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request for an increase in IAP was mainly during the pelvic phase of the 

surgical procedure. 

Primary outcome 

PQRS score results are presented in Figure 3. Patients in the IPP group had a 

higher probability of physiologic recovery (OR, 2.8 [95%CI 1.2–6.4]; P=0.017; 

RR 1.8 [95%CI 1.7–1.9], P=0.05). Of note, the interaction between time and 

group assignment was significant, with the probability of recovery equalising at 

POD3 (Supplementary Digital Content eTable 5). 

Secondary outcomes 

The probability of emotive recovery was higher in IPP group (OR 4.6 [95%CI 

1.4–15.3]; P=0.013, RR 1.2 [95%CI 1.1–1.3, P<0.001), with no significant time 

interaction (Supplementary Digital Content eTable 6). Patients in the IPP group 

had a higher probability of overall recovery (OR, 3.7 [95%CI 1.4–10.0]; 

P=0.011; RR 2.7 [95%CI 13–5.6], P=0.016), with a significant interaction 

between time and group assignment (Supplementary Digital Content eTable 7). 

The quality of recovery in the other domains was not affected by the IPP 

strategy (Figure 3, Supplementary Digital Content, eTable 8–10). 

The PQRS ordinal regression analysis yielded similar results for every 

PQRS domain except for the nociceptive PQRS, which was significantly lower 

in the IPP group (OR 0.5 [95%–CI 0.2–1.0], P=0.047, RR 0.3 [95%CI 0.1–0.8, 

P=0.023). 

The incidence of intraoperative cough or movement was lower in the IPP 

group compared to SPP group (1 versus 54%, P<0.001). No differences were 

observed in the incidence of postoperative complications nor in length of stay 

between the two randomisation groups. 

The plasma NRL was lower in the IPP compared to SPP group 

(Supplementary eFigure 1 and eTable 11). Plasma CRP levels were not 

affected by the IPP strategy (Figure 4b, Supplementary eTable 12). 

Inflammation markers were not associated with recovery (Supplementary 

eTable 13 and 14). 
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The main findings of this study in patients undergoing laparoscopic colorectal 

surgery can be summarised as follows. Compared to a standard insufflation 

strategy, an individualised strategy is associated with (i.) faster physiologic 

recovery, (ii.) faster emotional recovery and (iii.) faster overall recovery in the 

early postoperative period. Besides, (iv.), the IPP strategy was associated with 

less intraoperative coughing and movements, and (v.) a lower NLR in blood 

plasma. 

This study has several strengths. The study tested a previously designed 

and evaluated IPP strategy that was easy to perform and maintain during 

surgery, with no deviations from the protocol. There was a clear separation 

between the two strategies with respect to the pneumoperitoneum pressure, 

while keeping sufficient surgical working space with the individualised approach. 

The primary outcome used a previously validated comprehensive scoring 

system that evaluates early postoperative recovery focusing on clinical rather 

than surrogate measures or pre–clinical endpoints21. Patients and surgeons 

were kept blinded for group assignment, thereby reducing bias towards 

recovery scores and surgical conditions and conversion rate. The statistical 

analysis accounted for the longitudinal nature of the primary outcome using a 

mixed effect model including individual variability and the effect of time and 

adjusting for pre– and post–randomisation covariables to control for attrition 

bias22. 

Findings of previous systematic reviews assessing the effect of a low IAP 

on perioperative outcomes in patients undergoing laparoscopic surgery are 

conflicting, either showing a significant reduction in pain scores23 or no 

effects6,24. Significant decreases in perioperative complications were found in 

prospective studies25–27. Only one single study that reported on the quality of 

recovery found no difference between a low and standard IAP strategy28. In this 

study in laparoscopic nephrectomies, quality of recovery was evaluated with 

another assessment tool, the ‘QoR–40 questionnaire’, and different from the 

current study, moreover, no longitudinal analysis was performed29. 

Several studies showed low pneumoperitoneum pressure during 

laparoscopic surgery to be feasible12,30,31. None of these studies though 

assessed the effects on quality of recovery. The current trial shows an IPP 

strategy to be associated with faster recovery in the early postoperative period. 
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Of note, while parts of the applied bundle of measures in the intervention arm 

was prespecified and, in fact ‘standard’, the IPP strategy protocol aimed at an 

individualized pneumoperitoneum pressure at which surgeons could perform 

the intervention. The lithotomy position, deep NMB, and pre–stretch of the 

abdominal wall are crucial elements allowing a better individualisation of the 

intra–operative pneumoperitoneum pressure12. Surgical experience was 

comparable between the two study groups, as in each participating centre, the 

surgical procedure was performed by a staff surgeon who is experienced in 

colorectal and laparoscopic surgery.  

Patients in the IPP group had a much lower incidence of intraoperative 

adverse events, mainly intraoperative cough or patient movement, at least in 

part because of the deeper neuromuscular blockade, but definitive association 

could not be established since the IPP intervention consisted of several 

procedures. Deep neuromuscular blockade has been associated with better 

surgical conditions in previous studies8,32, but robust evidence on its benefit is 

still lacking33. Intraoperative complications have been linked to increased 

postoperative morbidity and mortality34,35, thus reducing them can improve 

surgical outcomes.  

Plasma NLR, but not plasma CRP levels were lower with the IPP 

strategy, although statistical significance was borderline. The physiologic effect 

of CO2 insufflation on diaphragm and other tissues surrounding the abdominal 

cavity is well known5,36,37. The findings of this study suggest that insufflation at 

individualized IAP could reduce these injurious effects, although the differences 

found in the current study are at best hypothesis generating. Future studies 

should focus on the clinical meanings of these differences. 

This study has some limitations. The long–term effects of an IPP strategy 

remain uncertain, as follow–up was limited to the early postoperative period. 

This study used a restrictive number of intraoperative adverse events. Future 

studies could use more or other adverse events as endpoints, like those 

reported elsewhere38,39. Although reported adverse events like major 

intraoperative bleedings, and injury to bowel and intraabdominal organs were 

not different between the two groups, these outcomes were not recorded as 

part of this study. The number of recruited patients was lower than planned, 

which especially reduces the statistical power to show differences in the 
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secondary outcomes. The analysis concerned a modified intention–to–treat 

analysis based on the target condition, i.e., patients that actually underwent 

laparoscopic colorectal surgery, and in whom the surgical procedure was not 

converted to open abdominal surgery. This approach is appropriate for 

pragmatic randomized controlled trials40,41. The validity of the results in samples 

of surgical teams with a different level of experience has to be further 

investigated, as not only technical but also teamwork skills may be involved. 

The study protocol advised postoperative nausea and vomiting (PONV) 

prophylaxis according to ERAS guidelines, but data regarding administration of 

certain drugs like dexamethasone was not collected. Finally, multiple 

comparison corrections were not performed, meaning that the findings 

regarding the secondary outcomes should be viewed as exploratory. 

In conclusion, an IPP strategy aiming at the lowest possible IAP that 

preserves optimal surgical condition is associated with faster recovery in the 

early postoperative period. Future studies should focus on the effect of this 

approach on long–term clinical endpoints. 
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CONSORT diagram. 
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Intra–abdominal pressure at which surgery could be performed. (A) 

empirical cumulative distribution function for the individualized 

pneumoperitoneum group (green lines), and the standard pneumoperitoneum 

group (orange lines); (B) bar chart by group. Abbreviations: IPP, individualized 

pneumoperitoneum; SPP, standard pneumoperitoneum. 
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Postoperative quality of recovery for all participants in the 

individualized pneumoperitoneum strategy groups (green line) and the standard 

pneumoperitoneum group (orange line). Abbreviations: IPP, individualized 

pneumoperitoneum; SPP, standard pneumoperitoneum. 
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 (Years) 68 [59 – 74] 68 [58 – 74] 67 [59 – 77] 

 (Female) 38.0% (63/166) 31.8% (27/85) 44.4% (36/81) 
 (Kg ∙ m-2) 27.0 [24.0 – 30.0] 27 [24.2 – 29.9] 26.6 [23.8 – 29.0] 
   

1 14.5% (24/166) 14.5% (13/85) 14.8% (12/81) 
2 58.5% (97/166) 56.0% (47/85) 60.5% (49/81) 
3 27.0% (45/166) 29.5% (25/85) 24.7% (20/81) 

  (Yes) 9.1% (15/166) 10.5% (9/85) 7.2% (6/81) 
 (Yes) 23.0% (38/166) 20.0% (17/85) 25.9% (21/81) 

 (Yes) 51.2% (85/166) 48.2% (41/85) 54.3% (44/81) 
  (Yes) 11.6% (19/166) 9.0% (8/85) 13.6% (11/81) 
     

0 76.6% (105/137) 78.7% (59/75) 74.2% (46/62) 
1 4.4% (6/137) 4.0% (3/75) 4.8% (3/62) 
2 11.7% (16/137) 10.7% (8/75) 12.9% (8/62) 
3 4.4% (6/137) 5.3% (4/75) 3.2% (2/62) 
4 2.2% (3/137) 1.3% (1/75) 3.2% (2/62) 
5 0.7% (1/137) 0% (0/75) 1.6% (1/62) 
     

Lower anterior rectum resection 27.0% (45/166) 27.7% (24/85) 26.2% (21/81) 
Right hemicolectomy 36.0% (59/166) 34.9% (30/85) 37.5% (31/81) 
Left hemicolectomy 3.0% (5/166) 4.8% (4/85) 1.2% (1/81) 
Sigmoidectomy 20.2% (34/166) 20.5% (17/85) 20.0% (16/81) 
Total colectomy 1.2% (2/166) 1.2% (1/85) 1.2% (1/81) 
Other (ileocecal resection, 
perineal amputation, segmental 
resection) 

12.3% (21/166) 10.8% (9/85) 13.8% (11/81) 

  
0 70.3% (90/128) 72.5% (50/69) 67.8% (40/59) 
1 24.2% (31/128) 23.2% (16/69) 25.4% (15/59) 
2 3.1% (4/128) 1.4% (1/69) 5.1% (3/59) 
3 2.3% (3/128) 2.9% (2/69) 1.7% (1/59) 

(Yes) 91.4% (149/166) 92.9% (79/85) 86.4% (70/81) 
  

La Fe, Valencia 51.8% (86/166)  51.8% (44/85) 51.9% (42/81) 
Gregorio Marañon, Madrid 15.7% (26/166) 15.3% (13/85) 16.0% (13/81) 
General, Castellon 17.5% (29/166) 17.6% (15/85) 17.3% (14/81) 
Virgen Macarena, Sevilla 15.1 % (25/166) 15.3% (13/85) 14.8% (12/81) 

10 [8 – 15] 10 [8 – 15] 1- [8 – 15] 

Data are reported as number (%) or median [25th–75th percentile]. IPP, Individualized 
pneumoperitoneum pressure; SPP, Standard pneumoperitoneum pressure;  BMI, Body mass 
index; ASA, American Society of Anesthesiologists physical status. 
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The intraoperative driving pressure, the ratio of tidal volume (VT) to respiratory 

system compliance, reflects the strain applied on lung tissue in patients 

receiving ventilation during general anesthesia for surgery.1 Driving pressure 

depends on the amounts of atelectatic and overdistended lung tissue during 

intraoperative ventilation.2 Since a rise in intraoperative driving pressure, 

irrespective of its cause, increases the risk of postoperative pulmonary 

complications (PPCs),3 strategies aiming at preventing a rise in driving pressure 

may benefit surgery patients.4 

In patients undergoing laparoscopic abdominal surgery, the 

intraoperative driving pressure rises because of several reasons other than 

those described above and to a greater extent than with non–laparoscopic 

surgery: 1) the chest wall becomes stiffer during peritoneum insufflation, 

causing a rise of ΔP of the respiratory system driving pressure, this may not 

necessarily mean that the transpulmonary driving pressure rises equally,5–12 2) 

the cranial shift of the diaphragm with pneumoperitoneum strongly favors the 

formation of atelectases,13,14 3) intraoperative ventilation with low VT, by now a 

standard preventive measure against the development of PPCs,11,12,15 could 

further favor the formation atelectases during peritoneum insufflation.16 

Individualized positive end–expiratory pressure (PEEP) titration has been 

shown to prevent a rise in transpulmonary and respiratory system driving 

pressure during pneumoperitoneum,5–8 as it may counterbalance the 

atelectasis–inducing effects of the cranial shift of the diaphragm, mainly with 

use of low VT.7,11 However, PEEP could also cause a rise in driving pressure 

when it results in overdistension of the nondependent lung parts.17 The current 

clinical trial in patients undergoing laparoscopic cholecystectomy was 

conducted to determine the feasibility of PEEP titrated to the intraoperative 

abdominal pressure levels to lower transpulmonary driving pressure. It was 

hypothesized that higher PEEP targeting the intra–abdominal pressure prevents 

a rise in transpulmonary driving pressure during intraoperative ventilation with 

pneumoperitoneum. 
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Study design 

This was an open–label, prospective, non–randomized, crossover, single center 

clinical trial performed at the Hospital Universitario y Politécnico la Fe in 

Valencia, Spain. The Institutional Review Board of the hospital approved the 

investigational protocol (protocol number 2016/0602), and the trial was 

compliant with the Helsinki Declaration. Written informed consent was obtained 

from all subjects before entering the trial. The trial was registered at 

www.clinicaltrials.gov (study identifier NCT03435913). Full access to the 

protocol is available by request. 

Inclusion and exclusion criteria 

Patients were approached by study staff and were eligible if: (a) aged ≥ 18 

years; (b) had an American Society of Anesthesiology (ASA) score < IV; and (c) 

planned for laparoscopic cholecystectomy. Exclusion criteria included: (a) 

pregnancy or breastfeeding; (b) or advanced renal, hepatic or cardiopulmonary 

disease. 

Anesthesia and pneumoperitoneum induction and maintenance 

All patients were monitored continuously using electrocardiography, 

noninvasive blood pressure registration, pulse oximetry and capnography, 

respiratory gas analysis (CarescapeTM,GE Healthcare, Chicago, Illinois) and 

Bispectral (BISTM) index monitoring (Covidien, Dublin, Ireland). General 

anesthesia was induced with propofol and maintained with either desflurane or 

sevoflurane, targeting a BISTM value between 40 and 60, and remifentanil 

through continuous intravenous infusion with fentanyl boluses as required. An 

upper body forced–air warming blanket (Bair HuggerTM, 3M, Maplewood, 

Minnesota) was used to maintain normothermia. 

Kinesimyography was performed by placing sensors on the thenar 

eminence of the hand to assess neuromuscular block (NMT MechanosensorTM, 

GE Healthcare, Chicago, Illinois). Patients received deep neuromuscular 

blockade throughout ventilation to maintain a train–of–four (TOF) of 0 and a 

Post–Tetanic Count (PTC) between 1 and 5. 

Ventilator settings were set as follows: VT of 7 ml∙kg-1 of predicted body 

weight, respiratory rate (RR) of 12 breaths/min, inspiration to expiration ratio of 

124



  Capítulo 5 

1:2, and inspiratory pause of 20% of the total inspiratory time. 

Pneumoperitoneum was created by initially setting the CO2 gas 

insufflator (EndoflatorTM, Karl Storz, Tuttlingen, Germany) to achieve a pressure 

of 15 mmHg with a flow rate of 1.5 L∙min-1 and perform insertion of trocars. 

Subsequently, the patient was placed in the surgical position (20º anti–

Trendelenburg). 

Esophageal probe placement and pressure monitoring 

A balloon–tipped latex esophageal probe (Esophageal probeTM, MBMED, 

Buenos Aires, Argentina) was inserted through the mouth and advanced ~ 55 to 

60 cm. According to manufacturer’s recommendations, the balloon was filled 

with 1.5 ml of air, the top value of the manufacturer’s recommended range, after 

which the intragastric position was checked by observing a pressure deflection 

with gentle external manual epigastric pressure. The catheter was then 

withdrawn into the esophagus. Subsequently, the positioning in the lower third 

was checked by assessing heart artifacts and by performing the expiratory 

occlusion test as described before.18 The catheter was considered properly 

placed if during the test esophageal pressure changes were related to changes 

in airway pressure within a ratio range of 0.9–1.1. The catheter was then 

connected to a pressure monitor (FluxMed GrETM, MBMED, Buenos Aires, 

Argentina) to measure the esophagus pressure. 

Study interventions and measurements 

Study interventions and measurements were performed in the time–window 

between stable pneumoperitoneum and start of the surgical procedure, typically 

lasting 20 to 30 minutes. During this period, the patient was left untouched by 

the anesthesiologists and surgeons. Due to this pragmatic setting, blinding of 

healthcare providers was unfeasible. 

At three different predetermined intra–abdominal pressure levels, PEEP 

was set at 5 cm H2O (‘standard PEEP’) for 2 minutes, and after that at 2 cm 

H2O above intra–abdominal pressure (‘targeted PEEP’, where 1 mmHg intra–

abdominal pressure equals 1.36 cmH2O) for 2 minutes. Every protocol–dictated 

change in PEEP and intra–abdominal pressure was preceded by a standard 

recruitment maneuver as described before,19 and detailed in the eMethods and 

eFigure 1 in the Supplemental Digital Content. With each new step in the study 

protocol, PEEP was reduced to 5 cm H2O and a recruitment maneuver was 

125



Estrategia de ventilación mecánica en cirugía laparoscópica 

 

repeated so that we returned for as much as possible to baseline pulmonary 

conditions. To achieve the three predefined intra–abdominal pressure levels, 

the flow rate at the CO2 gas insufflator was increased to 30 L∙min-1, and intra–

abdominal pressure lowered first to 8 mmHg, and later increased to 12 and 

finally at 15 mmHg. Each patient was subjected to every intra–abdominal 

pressure step in a strict sequence always before the start of the surgical 

intervention. 

At baseline before pneumoperitoneum, and two minutes after each PEEP 

adjustment, airway and esophagus pressure measurements were performed, to 

obtain the plateau pressure and peak inspiratory pressure, the end–inspiratory 

and the end–expiratory esophageal pressure. After the last measurement, 

PEEP and intra–abdominal pressure were set following surgical team clinical 

criteria and surgery started. For details, see the eMethods and eFigure 1 in the 

Supplemental Digital Content. 

Data collection  

Patient height, weight, body mass index and gender, ASA physical status, 

number of previous abdominal surgeries, number of previous pregnancies, and 

respiratory comorbidities were recorded before surgery. In addition the following 

parameters were calculated as follows: respiratory system driving pressure = 

plateau pressure minus PEEP; end–inspiratory pulmonary pressure = plateau 

pressure minus end–inspiratory esophageal pressure; end–expiratory 

pulmonary pressure = end–expiratory airway pressure (defined as PEEP during 

expiratory hold) minus EEPes; transpulmonary driving pressure = end–

inspiratory pulmonary pressure minus end–expiratory pulmonary pressure; 

respiratory system compliance = VT/(Pplat minus PEEP); chest wall compliance 

= VT/(end–inspiratory esophageal pressure minus end–expiratory esophageal 

pressure); and pulmonary compliance = VT/ transpulmonary driving pressure. 

We measured plateau pressure by using an end–inspiratory occlusion of 0.5s. 

Hemodynamic instability was defined as any episodes of hypotension, with the 

systolic arterial pressure < 90 mmHg for 3 minutes or longer. Blood pressure 

was monitored during all study-related interventions, including recruitment 

maneuvers. 
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Study endpoints 

The primary endpoint was the difference in transpulmonary driving pressure 

between ‘targeted PEEP’ and ‘standard PEEP’ at the three predefined intra–

abdomnial pressure levels. Secondary endpoints included the relationship 

between respiratory system driving pressure and transpulmonary driving 

pressure and the difference in respiratory system driving pressure between 

‘targeted PEEP’ and ‘standard PEEP’ at the three predefined intra–abdomnial 

pressure levels. No interim analyses or rules for early stopping of the trial were 

included in the study protocol. 

Sample size calculation 

Comparable studies have been carried out in animal models of abdominal 

hypertension, but in those studies neuromuscular blockage agents were not 

used. Therefore, the assumptions for the sample size calculation were built 

upon findings in clinical investigations.21,22 Based on respiratory system driving 

pressure measurements in those studies and the assumption that 

transpulmonary driving pressure would drop from 18 ± 6 cmH2O to below a 

safer level of 13 cmH2O with PEEP matching, we calculated that 25 patients 

would be needed to have a power of 90% and an alpha error of 0.05 for a two–

tailed hypothesis test. To compensate for dropouts due to potential problems 

while placing, or using the esophagus pressure catheter, 30 patients were 

included (see eFigure 2 in the Supplemental Digital Content). 

Statistical analysis 

Data are presented as proportions and percentages or medians (with 25th–75th 

percentiles) where appropriate. Normality of distributions was assessed by 

inspection of quantile–quantile plots. Logarithmic transformation of variables for 

regression models fitting were performed for non–normally distributed variables. 

Differences in medians were assessed with a Wilcoxon rank sum test. 

First, transpulmonary driving pressure was compared at the three intra–

abdominal pressure levels between ‘targeted PEEP’ and ‘standard PEEP’. For 

this, a mixed–effect linear regression model was used with the following 

prespecified features: transpulmonary driving pressure as the dependent 

variable and PEEP level (targeted and standard) as fixed effect; individuals 

were introduced as a random factor with a random intercept. Intra–abdominal 

pressure level, as an ordinal categorical variable with three levels, body mass 
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index and baseline transpulmonary driving pressure before peritoneum were 

introduced as covariables. Moreover, an interaction term between intra–

abdominal pressure level and PEEP level were also included in the model. Also, 

a similar mixed–effect linear regression model was used with respiratory system 

driving pressure as the dependent variable. Covariables' adjustment were pre–

specified in the analysis plan. No stratification analysis was performed. 

Second, the relationship between transpulmonary driving pressure and 

respiratory system driving pressure was determined by Pearson's correlation 

coefficient and local polynomial regressionΔ. 

In a posthoc analysis, Bayesian mixed–effect modeling was performed 

with intra–abdominal pressure as a monotonic effect. These models were built 

to evaluate the effect of simulating a stepwise behavior in the variable at every 

1 mmHg of intra–abdominal pressure on the relationship between PEEP regime 

and transpulmonary driving pressure and respiratory system driving pressure 

with the same covariable structure of the mixed–effect models reported above. 

We used for this analysis the R package brms which implements mixed–effects 

models estimated with Hamiltonian Markov No U–turn sampler setting prior 

distribution with the default from the package to have a weak prior with small 

influence (half Student-t prior with 3 degrees of freedom, location of 0 and scale 

of 10). 

All analyses were repeated for lung compliance and respiratory system 

compliance and reported in the Supplemental Digital Content. 

All statistical analyses were performed with Stata (StatacorpTM, College 

Station, TX, USA) and R 3.5.1 (The R Foundation for Statistical Computing, 

www.r-project.org). Statistical significance was set for two–tailed at P < 0.05. 

Patients 

In total, 30 patients were included in this study between April 2018 and 

November 2018. Patients' demographics and ventilation characteristics are 

presented in Table 1. The study protocol was strictly followed and completed in 

all patients, without episodes of hemodynamic instability in the time–window of 

intra–abdominal pressure and PEEP titrations for this study. There were no 
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missing data. The trial was conducted and finished in accordance to the study 

protocol. 

Effect of ‘targeted PEEP’ on transpulmonary and respiratory system driving 

pressure at three intra–abdominal pressure levels 

Transpulmonary and respiratory system driving pressure at ‘standard PEEP’ 

and ‘targeted PEEP’ at the three predefined intra–abdominal pressure levels 

are presented in Figure 1 and Table 2. At ‘standard PEEP’, median 

transpulmonary driving pressure at intra–abdominal pressure of 15 mmHg was 

higher compared to median transpulmonary driving pressure at intra–abdominal 

pressure of 12 mmHg or 8 mmHg. ‘Targeted PEEP’ resulted in a lower median 

transpulmonary driving pressure at all three intra–abdominal pressure levels 

compared to ‘standard PEEP’. As shown in eTables 1 and 2 in the 

Supplemental Digital Content, Transpulmonary and respiratory system driving 

pressure were lower at ‘targeted PEEP’ when compared to ‘standard PEEP’, 

after controlling for several confounders and individual variability. 

Relationship between transpulmonary and respiratory system driving pressure 

Transpulmonary and respiratory system driving pressure showed a moderate–

to–strong linear relationship (Figure 2) and a strong correlation. Table 3 

presents Transpulmonary and respiratory system driving pressure correlation by 

intra–abdominal pressure level. Correlation between transpulmonary and 

respiratory system driving pressure decreased at intra–abdominal pressure of 

12 and intra–abdominal pressure of 15 mmHg, compared to the decrease at 

intra–abdominal pressure of 8 mm Hg, but remained moderate–to–strong. The 

full correlation matrix is showed in eFigures 3–5 in Supplemental Digital 

Content. 

Effect of ‘targeted PEEP’ on respiratory system, lung, and chest wall compliance 

At ‘standard PEEP’, median lung compliance at intra–abdominal pressure of 15 

mmHg was lower compared to median lung compliance at intra–abdominal 

pressure of 8 mm Hg or 12 mm Hg. Likewise, 'targeted PEEP' increased 

median lung compliance compared to 'standard PEEP' at all three intra–

abdominal pressure levels. While ‘targeted PEEP’ significantly increased 

respiratory system compliance at all three intra–abdominal pressure levels, 

chest wall compliance had no relationship in the univariate analysis. 

Multivariable regression showed that lung compliance decreased at ‘standard 
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PEEP’ when compared to ‘targeted PEEP’. (eTable 3, eTable 4 and eFigures 6 

and 7 in the Supplemental Digital Content). 

Effect of ‘targeted PEEP’ on pulmonary and esophageal pressure 

With 'targeted PEEP' end–inspiratory pulmonary pressure was higher at all 

three intra–abdominal pressure level with an increasing difference with 

increasing intra–abdominal pressure levels. Similarly, end–expiratory pulmonary 

pressure was higher with 'targeted PEEP', and at 'standard PEEP' the median 

end–expiratory pulmonary pressure was negative (Table 2). 

Posthoc analysis 

The results of the posthoc analysis are presented in Figure 3, eFigure 7, and 

eTables 5, 6, and 7 in the Supplemental Digital Content. Intra–abdominal 

pressure had a significant monotonic effect with higher intra–abdominal 

pressures being associated with higher transpulmonary and respiratory system 

driving pressure, with a larger effect at intra–abdominal pressure > 12 mm Hg 

with a posterior probability > 0.999. Moreover, 'targeted PEEP' reduced 

transpulmonary driving pressure by 2.41 [95% Credibility Interval, CI: 1.45 – 

3.34] cmH2O compared to 'Standard PEEP' with a posterior probability > 0.999. 

The model estimated that the difference in transpulmonary driving pressure 

between 8 and 15 mmHg intra–abdominal pressure was 1.83 [95% CI: 0.82 – 

2.86] cmH2O (eTable 5a) and that the difference between adjacent level of 

intra–abdominal pressure increased from 12 mmHg (simplex parameter 0.11 

from 8 to 12 and 0.18 from 12 to 15 mmHg, eTable 5b). Accordingly, intra–

abdominal pressure had a significant negative monotonic on lung compliance 

with higher intra–abdominal pressures being associated with lower lung 

compliance (eTable 7a and b). 

 

In this single–center study comparing intraoperative ventilation with ‘targeted 

PEEP’ versus ‘standard PEEP’ at three predefined and clinically relevant intra–

abdominal pressure levels in patients planned for laparoscopic 

cholecystectomy, it was found that (a) pneumoperitoneum increases 

transpulmonary and respiratory system driving pressure in a non–linear fashion 

with an increasing rate when intra–abdominal pressure is equal or higher than 
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12 mmHg; (b) transpulmonary and respiratory system driving pressure have an 

almost linear relationship and a moderate correlation that decreases as intra–

abdominal pressure increase; and (c) ‘targeted PEEP’ decreases 

transpulmonary driving pressure.  

This study has several strengths. First, an esophagus balloon was used 

to capture pressures that allowed accurate calculations of transpulmonary 

driving pressure. During intraoperative ventilation under pneumoperitoneum, 

transpulmonary driving pressure is more informative than respiratory system 

driving pressure. Second, all titration steps of the study protocol were feasible, 

and in all patients the protocol was followed step–by–step and completed. 

Third, the study had little exclusion criteria, increasing its generalizability and a 

clear and predefined analysis plan as a measure against reporting bias. Fourth, 

meticulous multivariable and mixed effect statistical methods were used to 

control for potentially confounding variables, and to include interindividual 

variability in the various estimates, and also an analysis of intra–abdominal 

pressure as a quantitative variable and not solely as a dichotomic feature. 

Although previous trials reported a small reduction in transpulmonary 

driving pressure by applying PEEP in an animal model of abdominal 

hypertension without neuromuscular block,20 to our best knowledge there is no 

previous human study that investigates the effects of PEEP titrations linked to 

variable intra–abdominal pressure levels in the laparoscopic surgical setting. 

The results of the current study, are in line with findings in recent investigations 

on titration of PEEP according to certain ventilator parameters, like respiratory 

system compliance,7 and chest wall and lung compliance.21 The results of the 

current study add to our understanding of the effects of PEEP by showing that 

‘targeted PEEP’ reduces transpulmonary and respiratory system driving 

pressure at all three intra–abdominal pressure levels. In addition, the current 

study found that the intra–abdominal pressure level ‘per se’ influences 

transpulmonary and respiratory system driving pressure and that the effects of 

‘targeted PEEP’ increase at higher intra–abdominal pressure levels, building up 

from findings from previous studies using a conventional intra–abdominal 

pressure level,8 and preclinical study using an animal model of abdominal 

hypertension.20 These findings, possibly due to increased alveolar collapse at 

higher intra–abdominal pressure level, suggest a non–linear thoraco–abdominal 
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relationship especially at ‘standard PEEP’ level, as also shown in the posthoc 

mixed regression analysis. The Bayesian model simplex parameters, which 

estimate the amount of change at each step of pressure, increase for intra–

abdominal pressure > 12 mmHg, therefore it can be speculated that thoraco–

abdominal transmission varies with different intra–abdominal pressure levels. 

The anti–Trendelenburg position may have played a role in mitigating the rate of 

transmission of intra–abdominal pressure to the lungs. Therefore, the potential 

effects of other surgical positions remain to be tested in future studies. 

Interestingly, we observed stable median transpulmonary driving 

pressure values while rising intra–abdominal pressure at ‘targeted PEEP’ while 

median respiratory system driving pressure keeps increasing. One possible 

explanation for this finding is that the applied PEEP counterbalances the rising 

intra–abdominal pressure avoiding, or minimizing alveolar collapse. The 

resulting increasing difference between the two pressures suggests that at 

higher intra–abdominal pressure, respiratory system driving pressure could not 

be a good reflection of transpulmonary driving pressure. We observed a similar 

effect of PEEP on end–expiratory pulmonary pressure across all intra–

abdominal pressure levels, which suggests an improved alveolar recruitment. 

An increase in alveolar recruitment not only improves oxygenation5 but also 

leads to a more homogeneous ventilation.6,23 The clinical implications of these 

improvements, however, remain uncertain. For instance, in critically ill patients 

with acute respiratory distress syndrome, these improvements did not translate 

in better clinical outcomes.24,25 

Postoperative pulmonary complications are a significant source of 

perioperative morbidity and mortality,8 and while the protective role of low VT 

during intraoperative ventilation is well accepted,15,26 the role of high PEEP 

remains highly uncertain.8,16 Intraoperative respiratory system driving pressure 

has been suggested to be a risk factor for the development of pulmonary 

complications after surgery.3 Whether an intraoperative ventilation strategy 

directly or indirectly targeting a low respiratory system driving pressure 

successfully prevents such complications is still debatable. A recently published 

large trial in general surgery patients found that an open lung approach resulted 

in a lower incidence of PPCs. PPCs, however, were a secondary outcome of 

that study.4 Therefore, present evidence does not allow a definitive conclusion 
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to be drawn. 

In the laparoscopic surgery setting, at least in theory, transpulmonary 

driving pressure could provide better information than respiratory system driving 

pressure on dynamic lung strain.24,25 In this regard, data from previous 

investigations consistently showed how respiratory system compliance 

decreases with peritoneal insufflation but which part of the respiratory system 

(chest wall or lung) contributes the most is still debated. While chest wall 

stiffening is undisputed,27–32 there is some difference as far as lung compliance 

is concerned, with some studies showing a reduction in lung compliance,27–29 

and other showing no pneumoperitoneum related effect.30–32 Preclinical and 

clinical studies have shown reductions in transpulmonary driving pressure by 

applying PEEP.7,20,21 It must be mentioned, though, that these studies differed 

from our clinical scenario in many ways. For instance, preclinical evidence was 

obtained at different intra–abdominal pressure levels of PEEP without using 

neuromuscular blocking agents.20 Also, to our best knowledge no human study 

has been performed that investigated the effects of PEEP titrations linked to 

variable intra–abdominal pressure levels in a human setting during surgery. 

Important to notice is that the results of the current clinical study are in line with 

findings in recently published studies on PEEP titration to respiratory system 

compliance during laparoscopic surgery,7 and on PEEP plus recruitment 

maneuver at a fixed intra–abdominal pressure level.21  

The current study suggests a moderate–to–strong correlation between 

transpulmonary and respiratory system driving pressure across all three intra–

abdominal pressure levels, independent from the two levels of PEEP tested. It 

cannot be excluded that this was caused by the use of repeated recruitment 

maneuvers before each PEEP titration. While ‘targeted PEEP’ at high intra–

abdominal pressure resulted in comparable driving pressure as ‘standard PEEP’ 

at low intra–abdominal pressure, the intra–abdominal pressure level 'per se' can 

have an effect on respiratory pressures and mechanics. These findings, at least 

in part suggest that performing surgery at a lower intra–abdominal pressure 'per 

se' results in a low transpulmonary driving pressure. Surgery at a lower intra–

abdominal pressure, instead of surgery with high PEEP, could have several 

advantages. For instance, high PEEP may increase lung static strain, potentially 

leading to more inflammation.33 High PEEP may also negatively affect right 
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ventricular function.34,35 In addition, high PEEP could favor the development of 

pleural effusions through compression of lymphatic vessels as shown in 

previous trials.4,19,36 Future studies of strategies that may affect transpulmonary 

driving pressure, and their effects on clinical outcomes. should therefore not 

only focus on the best level of PEEP, but probably also the best intra–

abdominal pressure. As shown before, the best intra–abdominal pressure is not 

necessarily a high intra–abdominal pressure.22 

This study has several limitations. As mentioned above, in this study 

PEEP was titrated only at one single time point, and before the start of the 

surgical procedure itself. To prevent a possible carryover effect between the 

successive intra–abdominal pressure steps, each new step in the study protocol 

started with a reduction of PEEP to 5 cm H2O, plus a recruitment maneuver. 

Nevertheless, a carryover effect from the preceding PEEP titrations cannot be 

ruled out entirely. It must be acknowledged that the effect of high PEEP on 

transpulmonary pressure and lung compliance was studied in a particular 

surgical positioning, and it could be that effects are different when another 

surgical position is used. In addition, this study compared only two PEEP levels, 

i.e., without individualization. We did not record cardiac output and monitor for 

hemodynamic instability during the protocol time–frame period. Moreover, the 

study protocol did neither allow us to determine end–expiratory volumes nor 

extent of atelectasis or overdistension.37–39 Also, we measured plateau pressure 

by using an end inspiratory occlusion of 0.5s. Thus, it is possible that we did not 

reach a static plateau pressure at end-inspiration, likely yielding a minimal 

overestimation of the driving pressure. However, this method and short duration 

of occlusion has been previously used in patients undergoing general 

anesthesia to estimate plateau pressure.40 Further, most of ventilators actually 

used in anesthesia do not allow longer period of inspiratory occlusion. Also, due 

to the specific esophagus probe filling procedure, comparison with other probes 

with different inflating volume have to be interpreted with some caution. 

Moreover, since our main objective was the transpulmonary driving pressure we 

did not perform a calibration of absolute values thus interpretation on individual 

values such as end–expiratory pulmonary pressure must be done with caution. 

Finally, we conceived our study as a physiological proof of concept with a power 

estimation for a limited number of patients and without prespecified correction 
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for multiple comparisons. Therefore, our result should be seen as exploratory. 

Esophageal monitoring can be cumbersome in operating room conditions and 

may represent only an estimation of regional pressure. Due to this technique 

related pitfalls relying on respiratory system driving pressure is appealing, 

provided that its value can be reliably related to the real lung strain. 

In conclusion, in this cohort of patients planned for laparoscopic 

cholecystectomy, using three different but relevant intra–abdominal pressure 

levels, transpulmonary driving pressure increased at higher intra–abdominal 

pressure levels. These effects could be counterbalanced with ‘targeted PEEP’, 

with the strongest effect at the highest intra–abdominal pressure level. 

However, lowering intra–abdominal pressure could be a more attractive 

approach to lower the transpulmonary driving pressure than using ‘targeted 

PEEP’. 
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Boxplots for transpulmonary and respiratory system driving pressures 

by intra–abdominal pressure level at 'standard PEEP' and 'targeted PEEP'. A: 

Transpulmonary driving pressure; B: Respiratory system driving pressure. 

Green boxes represent the 'standard PEEP' group, orange boxes the 'targeted 

PEEP' group. P values reported are from the multivariable analysis. 

Transpulmonary and respiratory system driving pressures are reported in 

cmH2O and intra–abdominal pressure in mmHg.  
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Scatterplots for transpulmonary driving pressure and respiratory 

system driving pressure and. Solid lines are local polynomial regressions; 

dashed lines are linear regressions. Green lines represent the 'standard PEEP' 

group, orange lines the 'targeted PEEP' group. Overall Linear R2 and Pearson 

correlation coefficients by group are reported. Transpulmonary and respiratory 

system driving pressures are reported in cmH2O. Abbreviations: PEEP, positive 

end–expiratory pressure. 
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The marginal effect of intra–abdominal pressure from Bayesian 

multivariable mixed model for A: Transpulmonary driving pressure; B: 

Respiratory system driving pressure. Green lines represent the 'standard PEEP' 

group, orange lines the 'targeted PEEP' group. Transparent ribbons are 95% 

credibility intervals. Transpulmonary and respiratory system driving pressures 

are reported in cmH2O and intra–abdominal pressure in mm Hg. Abbreviations: 

PEEP, positive end expiratory pressure. 
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Baseline characteristics
 (Years) 60 [57 – 74] 

(Female) 19 (63.3) 
 (Kg) 72 [65 – 83] 
 (cm) 161 [156 – 166] 

1 2 (6.7) 
2 20 (66.7) 
3 8 (26.7) 

   (Yes)  4 (13.3) 

0 14 (46.7) 
1 3 (10.0) 
2 8 (26.7) 
3 4 (13.3) 
7 1 (3.3) 

0 15 (50.0) 
1 7 (23.3) 
2 7 (23.3) 
3 1 (3.3) 

0 28 (93.3) 
1 1 (3.3) 
2 1 (3.3) 

 (mm) 8 [8 – 8] 

 (L)  5 [4 – 5] 

 (Kg ∙ m-2) 27 [25 – 30] 
 (Kg) 54 [49 – 61] 

 (mL) 400 [400 – 450] 
 (cmH2O) 20 [17 – 24] 

 (cmH2O) 16 [14 – 20] 
 (cmH2O) 14 [9 – 19] 

 (cmH2O) 10 [6 – 15] 
 (cmH2O) 10 [9 – 15] 

 (cmH2O) 8 [5 – 12] 
 (mL∙cmH2O-1) 38 [27 – 48] 

 (mL∙cmH2O-1) 124 [100 – 200] 
 (mL∙cmH2O-1) 55 [33 – 85] 

Data are reported as number (%) or median [25th–75th percentile]. ASA, 
American Society of Anesthesiologists physical status; VT, tidal volume.  
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The association between the main dependent variable (time weighted driving 

pressure) was tested by fitting a weighted mixed effect logistic regression model 

with a weighting factor obtained by covariate balancing propensity score 

(CBPS) and a random intercept by center.  

The variable selection process to enter the propensity score calculation 

was done using the augmented backwards elimination process implemented in 

the abe R package. The variables that finally entered the propensity score 

calculation for open surgery were: age, gender, body mass index, ASA risk 

score, functional status, smoker status, baseline comorbidities (chronic 

obstructive pulmonary disease, oncologic disease, heart failure, chronic kidney 

disease, obstructive sleep apnea disease, neurologic disease), duration of 

anesthesia, ARISCAT score (as individual variables) , type of surgery, urgency 

of surgery, time of surgery, previous and perioperative blood cell transfusion, 

use of epidural anesthesia, use of recruiting maneuvers, use of neuromuscular 

monitoring, use of neuromuscular blocking agents reversal, total fluid 

administration (body weight normalized), total cristalloid administration (body 

weight corrected), mode of mechanical ventilation, type of anesthetic agent 

(intravenous vs. halogenated), perioperative mechanical ventilation 

characteristics (median minute ventilation, median respiratory rate, median 

fraction of inspired oxygen, median end–tidal CO2 and median SpO2, median 

per–actual body weight VT, median static and dynamic compliance, highest 

PEEP, lowest PEEP and PEEP coefficient of variation, and driving pressure 

measures other than the main dependent variable analyzed). The variables that 

finally entered the propensity score calculation for closed surgery were the 

same with the addition of antibiotic prophylaxis. 

For secondary endpoint (association between driving pressure and 

intraoperatvie adverse events) a weighted ordinal regression was fitted with 

ordinal R package. We chose this approach to better model the intraoperative 

adeverse events variables as an ordinal variable where having two events in 
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worse than one, three is worse than two etc.. Weighting factor was the 

propensity score as described in the previous model for PPCs. The propensity 

score for posthoc matched analysis was calculated with the same covariable 

structure as the CBPS with the matchit package.2 

148



  

Time weighted average and coefficient of variation calculation 
 

Summary plot of covariate balance for time-weighted ΔP before (red 

line) and after (blue line) conditioning for open surgery.  
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Summary plot of covariate balance for time-weighted ΔP before (red 
line) and after (blue line) conditioning for closed surgery. 

. Residuals plot for postoperative pulmonary complications (PPCs) 

and intraoperative adverse events (AEs). A: PPCs in Open surgery; B: PPCs in 

closed surgery; C; AEs in open surgery; D: AEs in closed surgery. 
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In laparoscopic surgery, carbon dioxide (CO2) is insufflated into the peritoneal 

cavity. Insufflated CO2 generates a working space for surgeons to monitor and 

perform the intervention. Intra–abdominal pressure (IAP) during 

pneumoperitoneum usually exceeds the intra–abdominal hypertension (IAH) 

syndrome threshold, i.e., 12 mmHg, and thus exposes patients to the harmful 

effects of increased IAP (18,20).  

The abdominal compartment has a combination of rigid borders, 

including the spine, rib cage and pelvis, and semi–rigid borders like the muscles 

in the abdominal wall and the pelvis, and the diaphragm. The abdominal 

compartment shows anisotropic behavior during pneumoperitoneum (8,40,47). 

Typically, there is an initial phase where marginal gains in volume according to 

the applied pressure, i.e., abdominal compliance (Cabd), follow a linear 

relationship. (28) Then, according to biomechanics laws, materials undergoing a 

strain eventually reach their maximum stretching capabilities, i.e., yield stress, 

after which applying additional pressure leads to diminishing gains in volume 

(6,15). Identifying this critical point at which gas insufflation should be limited is 

crucial to maximizing surgical working space while minimizing injurious IAP 

effects. Such effects include decreased pulmonary function, abdominal 

perfusion and cardiac output and increased intracranial, thoracic and ocular 

pressure (31).  

A rise in IAP leads to an upward shift of the diaphragm, increasing airway 

pressures (Paw), and decreasing chest wall compliance (CCW) and lung volumes 

(11,21,34). The diaphragm shift can be partially outweighed by applying a 

sufficient positive end–expiratory pressure (PEEP) level during mechanical 

ventilation, although how much PEEP and when to apply it, i.e., before or after 

pneumoperitoneum insufflation or lung recruitment maneuvers (49). Previous 

preclinical trials assessing the effect of IAPs ranging from 5 to 25 mmHg on Paw 

found that the abdomino–thoracic transmission (ATT) rate, i.e., the proportion of 

abdominal pressure transmitted to the thorax, for peak and plateau pressure 

(Ppeak and Pplat) ranges from 40 to 50% in animal models (10,35) and was 20% 

for Pplat  (42) and 62% for Ppeak (50) in physiologic proof of concept trials 

performed in humans. These studies were carried out after inducing acute 
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respiratory distress syndrome (ARDS) (28) and without neuromuscular 

blockade (NMB) (10,35–38,42,50), and none focused on respiratory driving 

pressure (ΔP). 

Nonlinear statistical models can be used to describe a variety of 

processes in various fields (2).  Their advantage resides in that their parameters 

can easily be linked to biologically meaningful variables. We aimed to determine 

if a mathematical function can describe IAP and IAV and IAP and ΔP 

relationships during pneumoperitoneum insufflation by analyzing patient–level 

data from three previously published studies (13,14,27). The primary objective 

was to assess the relationship between IAP and IAV, and the secondary 

objective was to study the relationship between IAP and respiratory driving 

pressure (ΔPRS). 
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Study design and context 

The protocol and statistical analysis plan of this meta–analysis are available in 

the , and these were planned and prespecified before data opening 

and registered at clincaltrials.gov (study identifier: NCT04468698). The overall 

characteristics of the studies are shown in in

. IPPColLapSe I was 

a multicenter cohort study assessing the feasibility of an individualized 

pneumoperitoneum (IPP) strategy in laparoscopic colorectal surgery (13). 

IPPColLapSe II was a multicenter randomized clinical trial comparing an IPP 

strategy with a standard pneumoperitoneum pressure (SPP) strategy with 

respect to postoperative recovery in laparoscopic colorectal surgery (14). 

IPPCollapSe III was a single–center crossover trial comparing fixed five cmH2O 

positive end–expiratory pressure (PEEP) to IAP targeted PEEP at various IAP 

levels in laparoscopic cholecystectomies (27). Written informed consent before 

enrolment and compliance with the Helsinki Declaration and Spanish legislation 

for biomedical research was mandatory in all studies. 

All patients in all three studies underwent an initial standardized 

insufflation maneuver under deep NMB, which consisted of: i) peritoneum 

insufflation through a leakproof Hasson trocar (Kii balloon, Applied Medical, 

Orange County, California, US or VersaOne, Covidien, Dublin, Ireland) up to 15 

mmHg of IAP for abdominal wall pre–stretching; ii) patients positioning in 20o 

Trendelenburg (13,14), or 20o anti–Trendelenburg (27); iii) IAP decrease from 

15 down to 12 and then to 11, 10, 9, 8 mmHg (13,14), or IAP increase up from 8 

to 12 and then 15 mmHg (27). Insufflation was carried out at constant low flow, 

i.e., 3 L∙ min-1 to derive the compliance from the slope of the dynamic pressure–

volume curve applying a classical technique used in respiratory mechanics 

(5,33,41). In all studies, patients´ legs were placed in padded leg–holder 

supports with hips flexed before the initial insufflation. Also, NMB degree was 

assessed by quantitative monitoring to maintain a post–tetanic count (PTC) 

between one and five.   

During the initial insufflation sequence, mechanical ventilation (Avance or 

Aisys CS2, GE Healthcare, Chicago, Illinois, USA) was performed in volume–
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controlled mode (VCV) with a tidal volume of 7–8 ml∙kg-1, with a respiratory rate 

of 12 beats per minute, inspiration to expiration (I:E) ratio of 1:2, an inspiratory 

pause of 20% of the inspiratory time and 5 cmH2O of PEEP. A lung recruitment 

maneuver and PEEP settings changes were performed only in IPPcollapse III 

according to the original protocol; however, only data from 5 cmH2O PEEP 

recordings were used for driving pressure analysis. 

The details of the insufflation sequence are reported in  in the 

.  

Inclusion criteria 

Data from patients that participated in the three parent studies were eligible for 

the current analysis. Patients in whom the initial insufflation procedure was 

incomplete were excluded. 

Data collection 

During the initial insufflation maneuver, IAV was recorded at each mmHg of 

IAP, while during stepwise changes in IAP, Pplat was recorded at each IAP level. 

ΔP was calculated as Pplat minus PEEP. The following baseline characteristics 

were retrieved from the original databases: patients' age, gender, and body 

mass index (BMI). We also retrieved waist–hip circumference ratio where 

possible.  

Endpoints 

The primary objective was the relationship between IAP and IAV, and the 

secondary objective was the relationship between IAP and respiratory driving 

pressure (ΔPRS).  

Statistical analysis 

We included all available data from patients in the trials without formal sample 

size calculation. Also, as the purpose of the investigation was exploring a 

physiological hypothesis, we did not specify any a priori effect size. 

Continuous variables are reported as median [25th–75th percentile]. 

Normality was checked by quantile–quantile plots examination. Categorical 

variables are reported as percentages and proportions. In the case of more than 

5% of missing data, imputation by chained equations was prespecified. 

 To determine which function adapted better to data, Bayesian 

multivariable mixed models with either linear, exponential, or sigmoid response 

distribution were fitted.  Age, gender, BMI, and study, i.e., IPPColLapSe I, II, or 
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III, were introduced as covariables and patients as a random effect. Full details 

on the models are reported in the  in the 

. The best–fitting model was chosen by visual 

inspection of IAP marginal effect and leave-one-out (loo) cross–validation, 

which is the more robust method in case of weak priors and influential 

observations (45). We assessed the following functions: linear, logistic for 

sigmoid response or asymptotic exponential for exponential response. We then 

estimated the relationship between IAP and IAV and IAP and ΔPRS fitting the 

selected mathematical function. According to the chosen function, we calculated 

the dependent variable, i.e., IAV or ΔPRS, according to the function parameters. 

According to the function type, the following parameters were determined: i) 

slope parameter, i.e., the amount of variation in y for a unit-increase in x was 

determined for the linear function; ii) maximum reachable y value and y rate of 

increase, i.e., half–life parameter, for the asymptotic exponential function; iii) 

higher asymptote, inflection point, i.e., x value halfway between the lower and 

upper asymptote points, slope parameter and the upper critical point, i.e., x 

value where the slope changes reflecting a decrease in y response to x 

increments with three proposed formulas: maximum deceleration point (MDP), 

asymptotic deceleration point (ADP) (7), Venegas sigmoidal equation (46).

Details on mathematical calculations are provided in the  in the 

and a graphical depiction of the used 

functions and points is shown in . 

To assess the effect of visceral fat on the relation between IAP and IAV 

we estimated a Bayesian and non–linear model with the same specifications 

reported for the main analysis in a subsample of patients for which waist–hip 

circumference ratios were available. We tested the model introducing waist–hip 

circumference ratio and BMI alternatively.  

All analyses were performed with R software version 4.0.2 (R Foundation 

for Statistical Computing, www.r-project.org). No correction for multiple 

comparisons was performed. Statistical uncertainty was expressed by showing 

the 95%–confidence or 95%–credible intervals for frequentist and Bayesian 

analysis, respectively. Statistical significance was set for two–tailed at P < 0.05. 
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This patient–level meta–analysis included 204 patients undergoing 

pneumoperitoneum insufflation for laparoscopic surgery under general 

anesthesia. Baseline characteristics are reported in . In total, 10.866 

and 1.065 data points were analyzed for IAV and ΔPRS, respectively. We did not 

observe any episode of mean arterial pressure below 60 mmHg during the 

assessment.

 The marginal effects of IAP on IAV and of IAP on ΔPRS for the three fitted 

Bayesian models are reported in and  in the 

. The effect of IAP on IAV followed a sigmoid shape, while the 

effect of IAP on ΔPRS followed a linear shape. Loo cross–validation results 

showed that the best fitting model for IAP and IAV relationship was the logistic 

one while logistic and linear where comparable for IAP and ΔPRS (  in 

). We finally choose a linear relationship for 

ΔPRS based on the marginal effect. 

 By fitting a three–parameter logistic function to IAV data, we found that 

the inflection point was at an IAP of 6.7 [95%CI 6.6 to 6.8] mmHg, the upper 

asymptote was at an IAV of 6.0 [95%CI 5.9 to 6.2] L and the scale parameter 

was 2.3 [95%CI 2.3 to 2.4]. MDP, Venegas and ADP critical points were at IAP 

of 9.8 [95%CI 9.7 to 9.9], 11.5 [95%CI 11.3 to 11,5] and 12.2 [95%CI 12.0 to 

12.3] mmHg respectively. The logistic function fitting curve with critical points 

and Bayesian estimation are reported in  and full Bayesian and non–

linear logistic models’ estimation in  in 

. Among the introduced covariables, the original study was 

significant with IPPCollapse III showing higher intra–abdominal volumes (0.64, 

95%CI 0.41 to 0.85).  

We included 58 patients in the waist–hip ratio sensitivity analysis from 

IPPCollapse I study, baseline characteristics are reported in eTable 4. Median 

waist–hip ratio was 0.97 [0.90 to 1.01]. The estimated marginal effects of waist–

hip circumference ratio and BMI were small (0.26 [95%–Credible Interval, CI -

1.10 to 1.66] and -0.01 [95%CI -0.04 to 0.01] respectively). Full models’ 

estimation is presented in eTable 5–6 in Supplementary Digital Content. Critical 

points calculated from the logistic function fitting curve were similar (MDP 9.1 
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[95%CI 8.9 to 9.4] and 9.2 [95%CI 9.1 to 9.2] , Venegas 10.6 [95%CI 10.4 to 

10.9] and 10.7 [95%CI 10.6 to 10.7], ADP 11.3 [95%CI 11.0 to 11.6] and 11.3 

[95%CI 11.2 to 11.3]  for models fitted with waist–hip circumference ratio and 

BMI respectively, eFigure 3 in Supplementary Digital Content). 

By fitting a linear function to ΔPRS data, we found that an increase in IAP 

was significantly associated with an increase in ΔPRS (effect estimate = 0.65, 

[95%CI 0.62 to 0.68] and that age and BMI were significantly associated with an 

increase in ΔPRS. In contrast, the original studies did not show a significant 

effect.  Linear mixed model estimates and fitting to the data are reported in 

 and . 
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The main findings of this patient–level meta–analysis in subjects undergoing 

pneumoperitoneum for laparoscopic surgery under general anesthesia can be 

summarised as follows: during pneumoperitoneum, (i.) the effect of IAP on IAV 

volume follows a sigmoidal function, and by obtaining the parameters of this 

function we can (ii.) describe an upper threshold for IAV and (iii.) identify the 

specific point where marginal gains in volume for each increase in pressure is 

diminishing; Moreover (iv.) in standard pneumoperitoneum pressure range 

rising IAP leads to a linear increase in ΔPRS. 

 This analysis has several strengths. We used a standardized insufflation 

maneuver in all three studies providing a comparable and granular dataset for 

models’ estimation. Indeed, although this is not the first study on IAV and IAP 

relationship carried out in humans (28), it analyzes the largest dataset to our 

knowledge. Moreover, we carried out a multivariable analysis, therefore 

obtaining less biased effect estimates, and chose the modeling functions by a 

data–driven process, i.e., by testing several functions on data to pick the best 

performing one. Moreover, we used non–linear functions with easily 

interpretable parameters with a clear biological meaning (2,32). Also, the 

analysis was predefined, and we had no deviations from the original plan. 

 Our findings show how IAV can be related to an increase in IAP in a 

non–linear fashion. Higher pressure does not always generate steadily higher 

volumes. Despite clinical guidelines recommending to set the IAP at the lowest 

level providing adequate surgical working space during laparoscopy (30), 

pneumoperitoneum commonly becomes being a iatrogenic IAH condition. IAH 

and abdominal compartment syndrome (ACS) are well defined clinical 

conditions proven to be associated with increased morbidity and mortality in 

critically ill patients (12). IAH can lead to decreased abdominal perfusion and 

organ injury (22,43,48,50) and increased pressure in other body compartments 

such as the thorax, eye, or cranium (28,39). Furthermore, animal data show that 

mechanical ventilation alters diaphragm perfusion by reducing blood flow and 

increasing vascular resistance. This effect is partially reversed by lowering IAP 

(17). Altered diaphragm perfusion is already present after thirty minutes of 

mechanical ventilation (9) and is considered one of the leading causes of 
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ventilation–induced diaphragm dysfunction (44). For these reasons, the trade-

off between additional working space and IAP–related potential injury should be 

carefully evaluated in each case. 

Interestingly, a recent physiologic proof of concept study in robotic 

laparoscopic surgery has shown how peritoneal capillary circulation may be 

impaired at IAP above 10 mmHg (1), drawing an interesting physiological 

parallel with our findings. Recent studies focus on titrating IAP to the minimum 

effective value as a sensible clinical management of pneumoperitoneum. 

Indeed, a recent metanalysis showed moderate evidence for better pain scores 

in patients who underwent surgery with pneumoperitoneum pressure as low as 

6 mmHg (31).   

According to the fitted model, we found that IAV increases towards a 

ceiling value of 6.0 [95%CI 5.9 to 6.2] L as IAP rises. This finding is in line with 

biomechanics reflected in preclinical and clinical studies that showed the 

anisotropic structure of the abdominal wall muscles with a lower stiffness at the 

rectus sheath and linea alba level compared to the oblique and transversus 

abdominis muscles (4,16). The bulk of the response to IAP increments results 

from reshaping the anterior structures, i.e., rectus muscles and linea alba 

(40,47), up to a threshold where collagen fibers tissue bonds are stretched to 

the limit. No further changes are possible, yielding a non–linear stress–strain 

relationship (23,24,26). Previous studies illustrated that a working space of 

approximately 3 L is sufficient to ensure optimal surgical field conditions (13,28), 

thus a considerable safety window to the upper limit volume remains. An initial 

assessment of the actual volume that grants an adequate surgical field could 

guide IAP settings during laparoscopic surgery.   

Our results show that the pressure–volume (PV) relationship during 

pneumoperitoneum has some analogies with the respiratory system PV curve 

during mechanical ventilation (19), confirming the non–linear behavior 

determined in an animal model of hypertension (38). As in the respiratory 

system PV curve, we found a sigmoid shape with a linear central portion and an 

upper inflection point that determines a threshold not to be exceeded to avoid 

barotrauma. Following the same analogy, IAP levels on the linear part of the PV 

curve warrant the best Cabd, yielding the best volumetric response to IAP rise. 

Furthermore, we observed bending of the curve at commonly used 
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pneumoperitoneum pressure levels, i.e., between 10 and 12 mmHg depending 

on the calculation method. The threshold where the volume expansion is 

diminishing should be established in each case to ensure the best marginal 

gains from IAP levels. 

We carried out a sensitivity analysis to assess whether the main analysis 

adjusted estimations could be influenced by a different parameter, e.g., waist–

hip circumference ratio as a proxy for visceral fat. Our results show that waist-

hip circumference's marginal effect is small and does not yield a considerable 

change in IAV nor critical points estimation. In general, IAP's marginal effect is 

far greater than any of the covariables introduced in the model. Of note, we 

carried out this analysis in a subsample from a single study. 

Our data show a linear relationship between IAP and ΔPRS. We found 

that the ATT is 0.65 [95%CI 0.62 to 0.68], confirming previous estimations from 

small studies (34). ΔPRS is associated with an increased incidence of 

postoperative pulmonary complications in patients undergoing mechanical 

ventilation for surgery (29). Considering the conversion factor between units of 

measure, i.e., 1 mmHg equals 1.36 cmH2O, and the linear coefficient estimated 

from the model for IAP, for each additional mmHg of IAP, we can expect a 1.36 

∙ 0.65 = 0.88 cmH2O rise in ΔPRS. A recent large prospective multicenter trial 

carried out in robotic laparoscopy found that driving pressure was increased in 

patients at high risk of postoperative pulmonary complications and these 

patients had a higher incidence of such complications (3). This provides a 

further reason why each increase in IAP should be justified by corresponding 

gains in surgical working space during laparoscopy to avoid an unnecessary 

increase in driving pressure. 

 Several limitations of this study have to be acknowledged. First, as 

inherent to any meta–analysis, the results have the internal and external validity 

of the three original studies. For instance, the exact effect of hip flection or 

patient positioning could not be assessed. Despite the adjusted analysis, we 

cannot exclude that all confounding factors have been included. Also, although 

we did not observe severe arterial hypotension during study assessment, 

cardiac output or vascular resistance data were not collected; thus, a precise 

correlation between hemodynamic status and abdominal pressure value cannot 

be ascertained. Second, during the insufflation maneuver, we did not collect 

166



Capítulo 6 

clinical nor preclinical outcomes; thus, the abdominal and systemic effect of the 

IAP level could not be assessed. Besides, although leakproof equipment was 

used, we did not record leak quantitatively during insufflation. Third, we did not 

collect IAV and airway pressures during the surgery; thus, dynamic changes or 

the potential effect of other perioperative measures such fluid balance could not 

be studied. Fourth, the results of the sensitivity analysis on waist–hip 

circumference ratio have to be confirmed on a more comprehensive sample, 

and the effect of other variables such parity, abdominal wall, or more extended 

ranges of BMI values thickness have to be explored. Fifth, we estimated a non–

linear model based on a three–parameter logistic function which assumes 

symmetry. Sixth, the original protocols did not specify IAP measurement 

through a bladder catheter; therefore, respiratory swings in IAP were not 

assessed. Seventh, pneumoperitoneum was studied relying on deep 

neuromuscular blockade; thus, extrapolation to different levels of 

neuromuscular blockade must be done with great caution. Eighth, oesophageal 

pressures were only recorded in one of the original studies; hence, a global 

assessment of transpulmonary driving pressure and lung compliance was not 

feasible. Ninth, although we introduced patients’ positioning in the fitted models 

since the original protocols prespecified different positions after the initial 

insufflation, we cannot specifically assess the effect of position changes on 

driving pressure. Lastly, to limit the heterogeneity of our data, we only used 

respiratory driving pressure data at 5 cmH2O of PEEP. Thus, the IAP effect on 

abdominal volume or respiratory driving pressure at different levels of PEEP 

must be further investigated as ventilation at different PEEP levels or 

recruitment maneuvers can influence these associations (25).  

 In conclusion, during pneumoperitoneum for laparoscopic surgery under 

general anesthesia, IAV has a non–linear relationship with IAP. There is a 

threshold of diminishing gains in IAV at commonly used pressure levels. 

Increase IAP is associated with a linear increase in ΔPRS. IAP during 

pneumoperitoneum should be kept in the best abdominal compliance range. 
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Graphic representation of the assessed functions. : Logistic function : Linear 

Function, : Negative exponential, : All functions on the same graph. ADP, 

asymptotic deceleration point; MDP, maximum deceleration point. X and y 

scales are arbitrary and are picked for visual purposes and do not report actual 

data.
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Scatterplot of Intra–abdominal volume data according to intra–abdominal 

pressure changes. Green solid line, intra–abdominal pressure effect estimation 

with three–parameter logistic function. Blue solid line, intra–abdominal pressure 

Bayesian multivariable mixed model marginal effect estimation with three–

parameter logistic function Grey band, 95%credible interval. Red symbols, 

critical points with change of rate in the function with decreasing y response to x 

increase calculated with different formulas. Red square, Maximum deceleration 

point; Red triangle, Venegas equation (46); Red circle, Asymptotic deceleration 

point (40).  
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Scatterplot of respiratory driving pressure data according to intra–abdominal 

pressure changes. Green solid line, intra–abdominal pressure marginal effect 

estimates. Grey band, 95%–credible interval.  
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The primary objective is to determine the relationship between intraabdominal pressure 

(IAP) and intraabdominal volume (IAV) during pneumoperitoneum insufflation.  

 The secondary objective is to determine the rate of abdominal–thoracic 

transmission (ATT) assessing the correlation between IAP and respiratory driving 

pressure (ΔPRS). 

Design of the 3 clinical trials  

Overall characteristics of the studies are shown in . IPPColLapSe I1 was a 

multicenter cohort study to assess the feasibility of an individualized pneumoperitoneum 

(IPP) strategy. IPPColLapSe II2 was a multicenter randomized study comparing an IPP 

strategy with a standard pneumoperitoneum pressure (SPP) strategy with respect to 

postoperative recovery. IPPCollapSe III3 was a single center crossover trial comparing 

fixed 5 cmH2O positive end–expiratory pressure (PEEP) to IAP targeted PEEP at various 

IAP levels.  

 The 3 study protocols were approved by the Institutional Review Boards of 

participating hospitals and registered before patient’s enrolment at clinicaltrials.gov (study 

identifiers: NCT03000465, NCT03435913 and NCT03435913). Written informed consent 

was obtained from all participating subjects, and all studies complied with the Helsinki 

Declaration and Spanish legislation for biomedical research   This analysis plan is 

prespecified before data opening and registered at clincaltrials.gov (study indentifier: NCT 

NCT04468698) 

Inclusion and exclusion criteria 

We will include in this analysis those patients that i) underwent an initial insufflation 

procedure with a stepwise change in IAP to record IAV (see  for details) and ii) 

data from insufflation at 5 cmH2O of PEEP. 

Data management 

Prior to start of the current analysis, the clinical report forms, data dictionaries, and study 

protocols will be compared, and similar variables and parameters will be double–checked 

for consistency across the trials prior to being finally imported into the combined dataset. 
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The combined database will not contain any patient identifying information. Individual 

patients will be identifiable only through the unique study number in the original trials.  

 The following variable and parameters are to be collected: patients' age, gender 

and body mass index (BMI), plateau pressure (Pplat), intraabdominal pressure and 

volume, participating study. Driving pressure (ΔPRS) will be calculated by subtracting 

PEEP to Pplat. 

Power calculation  

We will use all available data from patients included in the three trials without formal 

sample size calculation. Also, as the purpose of the analysis was exploring a 

physiological hypothesis, we do not specify any a priori effect size. 

Analysis Plan 

Continuous variables are reported as median [25th–75th percentile]. Normality will be 

checked by examination of quantile–quantile plot. Categorical variables are reported as 

percentages and proportions. In case of >5% of missing data, imputation will be 

performed using the mice package for R software. Values will be imputed by chained 

equation with predictive mean matching creating 5 datasets that were jointly used to fit 

regression models. 

To determine which function, adapt better to data we will fit Bayesian mulitvariable mixed 

models with either linear, exponential or sigmoid response distribution.  Age, gender, BMI 

and study, i.e. IPP 1, 2 or 3, will be introduced as covariables and subject will be 

introduced in the models as random effect. Models will be fitted with brms R package 

setting a prior distribution for fixed effects using a normal distribution with a mean of 0 

and standard deviation (SD) of 5 and a mean of 0 and SD of 20 for IAV and ΔP 

respectively, with 4 chains of iterations with 3000 post–warm up samples and gaussian, 

exponential or hurdle log normal prior distribution family for linear, exponential or sigmoid 

response model. The best fitting model will be chosen by inspection of marginal effects 

plot, leave-one-out (loo) cross validation and smallest Widely Applicable Information 

Criterion (WAIC).   

According to the best fitting model we will estimate the relationship between IAP and IAV 

and IAP and ΔPRS fitting the selected function to data. We will examine the following 

functions: linear, logistic or asymptotic exponential depending on the fitting of the 

exponential model. According to the selected function we will estimate the dependent 

variable, i.e. IAV or ΔPRS according to the function parameters.  
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In a linear equation the relationship between dependent and independent variable is 

described by the following:  

           [1] 

where  is the value of y when x=0 and  is the slope, i.e. the amount of variation in y for 

a unit-increase in x. 

 In a sigmoid equation, i.e. logistic function the relationship between dependent and 

independent variable is described by the following: 

          [2] 

 

Where  is the higher asymptote,  is the inflection point, i.e. x value half–way between 

the lower and upper asymptote points,  is the slope around the inflection point. In this 

parameterization the lower asymptote is assumed to be 0.  

 A negative exponential growth function where the dependent variable increase 

until a limit is described by an asymptotic growth with the following parameters: 

         [3] 

 Where  is the maximum reachable value for y, and  is a constant proportional to 

y rate of increase. 

 The linear function will be estimated directly from the coefficients of the 

multivariable mixed model and exponential and logistic function will be estimated from the 

predicted values of the respective multivariable mixed model to derive the parameters of 

each function. Apart for the parameters that define each function, additional critical points 

where the curve growth phase change will be calculated for logistic regression. Such 

points will be determined by deriving the growth function with the following methods:4–6   

1.  At this point, the acceleration of growth has 

a minimum value. This point is found by equalizing the third derivative of the 

growth function to zero and can be estimated by the following formula for the 

predefined logistic function:  

         [4] 

 is the inflection point and  is the slope around the inflection point. 

2.  At this point, the acceleration of growth 

goes to asymptotic. This point is found by equalizing the fourth derivative of the 

growth function to zero and can be estimated by the following formula for the 

predefined logistic function:  
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         [5] 

 is the inflection point and  is the slope around the inflection point. 

3.  which have 

been used in research and in the clinical setting to quantify the elastic properties of 

the lungs and respiratory system, the point where the function cease to be linear 

that can be estimated by the following formula for the predefined logistic function 

[Venegas]: 

          [6] 

 is the inflection point and  is the slope around the inflection point. 

All analyses were performed with R software version 3.5.2 (R Foundation for Statistical 

Computing, www.r-project.org). Statistical significance will be set for two–tailed at P < 

0.05. 
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0 0 
-846.8 173.8 

-6558.4 92.2 
  

-79.2 22.1 
0 0 

-2748.9 38.1 
IAV, Intraabdominal volume; PRS, respiratory system driving pressure; ELPD, expected log predictive 
density; Se_diff, standard error difference;loo, leave one out. 
*due to observation with Pareto k value > 0.7 parameters in loo cross–validation were achieved through 10–
fold cross–validation. 

.

Widely Applicable Information Criterion = 13947.71; BMI, Body Mass Index; CI, Credible interval; Std, 
Standard 

.

Std, Standard, CI, Confidence interval  
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 Bayesian marginal effect estimation of intra–abdominal pressure on 

intra–abdominal volume as estimated wuth three different family functions. : 

Logistic; : Asymtpotic exponential; : Linear. IAV, Intra–abdominal volume; 

IAP, Intra–abdominal pressure 
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Bayesian marginal effect estimation of intra–abdominal pressure on 

respiratory system driving pressure volume as estimated wuth three different 

family functions. : Logistic; : Asymtpotic exponential; : Linear. IAP, Intra–

abdominal pressure 
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Capítulo 7 

Enhanced recovery programmes in colorectal surgery are being widely 

implemented, as they have demonstrated lower length of hospital stay (LOS) 

and fewer complications versus traditional care(1,2,3,4). Nonetheless, the weight 

of every single measure on outcomes are not fully established, and new 

measures as quantitative monitoring and pharmacological reversal of the 

neuromuscular blockade, were suggested to be considered five years ago in the 

bundle by Spanish RICA guideline(5) and it also has been recently 

recommended by ERAS Society guideline(6).  

Nowadays, the use of neuromuscular blockade agents (NMBAs) in abdominal 

surgery is generalised worldwide, mainly in laparoscopic approach. These 

agents provide better and safer surgical conditions as well as some additional 

benefit for the patients(7-9). Nevertheless, NMBAs can be harmful if they are not 

applied properly leading to poor outcomes and to increased postoperative 

pulmonary complications(10-12). Berg and colleagues(13), first suggested that 

incomplete recovery from muscle paralysis might cause postoperative 

pulmonary complications. Thereby, reversal of neuromuscular blockade to a 

train-of-four (TOF) ratio of 90% and even better if it is > 95%, should be 

desirable in order to avoid residual paralysis, its associated risks(14) and to 

obtain better postoperative outcomes(15). Some guidelines and reviews suggest 

that optimal management of neuromuscular blockade with quantitative 

monitoring and adequate pharmacological reversal could decrease residual 

neuromuscular blockade and improve postoperative outcomes(16), but this is still 

a matter of controversy. Thus, despite those expert recommendations, 

postoperative residual neuromuscular blockade remains one of the most 

prevalent complication in the post-anaesthesia care unit (PACU)(17) meaning 

surgical patient´s safety worldwide is threaten by this reason. 

POWER study(18) was a multicentre prospective cohort study of adults 

scheduled for elective colorectal surgery in Spanish hospitals. It was designed 

to determine the association between enhanced recovery protocols and 

outcomes. Our sub-study, conducted with the POWER cohort population, firstly 

aimed to define the relationship between quantitative neuromuscular blockade 

monitoring plus pharmacological reversal, and postoperative complications and 
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LOS in patients undergoing colorectal surgery. Secondary objective was to 

explore mortality in that population. We hypothesized that optimal 

neuromuscular blockade management within an enhanced recovery program in 

colorectal surgery could be associated with better postoperative outcomes. 

 

POWER(18) study was an observational prospective 2-month multicentre cohort 

study in 80 centres in Spain. It was approved by the Instituto Aragonés de 

Ciencias de la Salud Ethics Committee (Zaragoza, Spain) (C.P.-C.I. P117/017) 

on February 1st, 2017 and by the Spanish Medical Agency on September 23rd, 

2017. It was also registered prospectively at Clinical trials registry 

(NCT03012802) on January 6th, 2017. Written informed consent was obtained 

by patients included in the study according to Ethical Review Board in every 

participating centre. In each collaborating hospital, all consecutive patients aged 

≥ 18 years scheduled for elective colorectal surgery with a planned overnight 

stay, were included during a single period of two months of recruitment between 

September to December 2017. The follow-up period was 30 days after surgery 

and it was performed through hospital and primary care medical records. Data 

were censored at 30 days following surgery for patients who remained in the 

hospital.  Adherence to RICA guideline was suggested, but by protocol it was 

left at the attending anaesthesiologist criteria. Individual data on 22 Enhanced 

Recovery Pathways (ERP) items based on the 2013 guidelines(19) of the 

Enhanced Recovery After Surgery Society in colorectal surgery were also 

collected prospectively for each enrolled patient. 

Our study was a predefined sub-study of POWER study. It has been reported in 

accordance with the “Strengthening the Reporting of Observational Studies in 

Epidemiology” (STROBE)(20) statement. The primary outcomes were severe-

moderate postoperative complications and LOS. Postoperative complications 

were defined and graded as mild, moderate, or severe as described by 

European Perioperative Clinical Outcome (EPCO) definitions(21) and recorded 

as “yes” if any of them appeared in a patient during the 30 days follow up. LOS 

was defined as days in hospital. Apart from moderate-severe complications we 

have also evaluated time (in hours) to start feeding per mouth (T1), and time (in 
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hours) to initiate mobilization (T2), bearing in mind these two variables are 

highly important when considering functional recovery from an abdominal 

surgery.  Mortality was a secondary outcome and was recorded as “yes” if 

occurring in any patient during the study following up period. Information 

regarding NMB was collected prospectively. The use of quantitative 

neuromuscular monitoring, and pharmacological reversal was recorded as “yes” 

or “no”. The drug for reversal was recorded as “neostigmine” or “sugammadex”. 

The total dosage of the administered reversal drugs was not collected and the 

same was for the TOF ratio counting. ERAS programmes compliance rate was 

also evaluated in this study.  

In this sub-study we defined the following two groups:  

1.- Monitoring + Reversal MNB (M+R) group: All patients receiving 

neuromuscular blockade monitoring plus reversal of it with any drug 

(neostigmine or sugammadex) were included and 2.- No Monitoring nor reversal 

NMB (noM+noR) group. In this group all the patients who did not receive 

monitoring plus reversal of the neuromuscular blockade were allocated. 

Regarding the drug used for the neuromuscular blockade reversal, we also 

defined two subgroups in the M+R group in order to assess the impact of the 

two antidotes on the outcomes. These two subgroups are M+Rsug (including 

patients who were monitored and reversed with sugammadex) and M+Rneos 

(including patients who were monitored but in whom the reversal was done with 

neostigmine). 

 

Quantitative variables were explored using Shapiro-Wilks test to assess 

normality. Mean was used as central tendency measure and standard deviation 

as dispersion measure. Regarding qualitative variables, the frequencies 

distribution and their percentages were analysed for each category. Proportions 

of frequencies were compared when the studied variables were qualitative (Chi 

square test or Exact´s Fisher test). In the case of quantitative variables with 

normal distribution, Student T test was performed instead. Otherwise, Mann-

Whitney U test was applied if the variable distribution had no a normality 

pattern. To assess association between the studied groups and postoperative 
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complications, LOS, time to initiate oral intake and mobilization and mortality, a 

contrast of hypothesis analysis was performed. Additionally, the statistical 

analysis was completed with logistic regression models. First, we univariately 

explored association of complications, LOS, T1, T2, belonging to an ERAS 

program and mortality with monitoring of the neuromuscular blockade plus its 

reversal, compared with none of those strategies.  The type of the drug used for 

the reversal was analysed afterwards. For the multivariate analysis all the same 

variables used for the univariate analyses were included as they all are clinically 

relevant. Finally, we univariately studied association of all the severe-moderate 

complications defined by EPCO definitions(21) and the neuromuscular blockade 

strategy performed together with the type of pharmacological reversal. We 

admitted as statistically significant those comparisons where p-value and q-

value were below 0.05. Data analysis was performed using STATA (StatCorp 

LP, version 14)(22), and also compare Groups package of R(23). 

 

Once the study period concluded, 2084 candidates were included in POWER 

for statistical analysis. In our sub-analysis, 803 (38.5%) patients received 

monitoring of the neuromuscular blockade and 1384 (66.4%) received 

pharmacological reversal. Optimal neuromuscular blockade management 

(M+R) was applied in 676 (32.4%) patients, while no neuromuscular blockade 

strategy (noM+noR) was performed in 458 (21.97%) (Figure I). Basal data of 

our sub-study population is depicted in table I. Both groups were homogeneous 

in terms of ASA, comorbidities and type of surgery, with the exception of ASA I 

and laparoscopic approach which were more frequent in M + R group and 

Stroke that was developed more often in noM+noR group.  

Regarding primary outcomes, neither the development of moderate-severe 

complications nor LOS, showed statistically significant difference when 

comparing M+R and noM+noR groups (174(25.7%) vs 124(27.1%); p = 0.607 

and (10.8±11.0 vs 11.0 ±12.6) days; p = 0.683 respectively (Table II). T2 was 

longer in the noM+noR group than in the M+R group (42.7±50.8 vs 36.1±29.0 

hours; p = 0.012), while T1 was similar in both groups (34.4±50.7 vs 35.9±49.0 

hours; p = 0.183) (These data are not shown in tables).  When comparing 
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patients who were monitored and reversed with neostigmine (M+Rneos) versus 

the ones who were monitored and reversed with sugammadex (M+Rsug), 

moderate-severe complications were similar in both groups (24(21.2%) vs 

150(26.6%); p = 0.358). Moreover, type of reversal drug was neither linked to 

LOS, being also similar in both groups (9.5±7.9 vs 11.0±11.6; p = 0.550 days) 

(Table III). In sugammadex group T1 was longer compared with neostigmine 

(51.2±76.6 vs 32.8±40.6 hours; p = 0.038) while T2 was not significantly 

different between both groups (43.9±37.4 vs 34.5±26.7; p = 0.068) (These data 

are not shown in tables). ERAS programmes were significantly more often 

implemented in noM+noR group compared with M+R group (326(71.2%) vs 

420(62.1%); p = 0.001), being also more implemented in the group reversed 

with neostigmine (82(72.6%) vs 338(60%); p = 0.030) (Tables II and III). In the 

univariate analysis, mortality (secondary outcome) was significantly higher in 

the group reversed with neostigmine compared with the group reversed with 

sugammadex [OR:0.20(0.04-1.07), p=0.048]. However, in the multivariate 

analysis mortality presented only a near significant difference when comparing 

these groups [OR:0.19(0.03-1.10), p=0.052] (Table III). Tables IV and V depict 

the type of severe-moderate complications and the association with the 

neuromuscular blockade strategy and the pharmacological reversal. None of 

the comparisons made in this regard showed statistically significant difference. 

 

This prospective observational sub-study examines the occurrence of 

postoperative complications, LOS and mortality related to neuromuscular 

blockade monitoring and its pharmacological reversal as part of ERAS 

programmes, in over 2.000 colorectal surgical patients.  

 Nevertheless, both the use of 

neuromuscular blockade monitoring and the administration of drugs to reverse it 

have been proposed as strategies to avoid adverse postoperative 

outcomes(24,25) and reduce the incidence of residual neuromuscular 
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blockade(26,27). However, until now it has not been totally demonstrated that this 

approach by itself leads to a clear clinical improvement what makes this is still a 

matter of current controversy and debate. So much so that some authors(28,29) 

suggest that non pharmacological reversal after neuromuscular blockade 

increases the likelihood of postoperative respiratory complications while some 

others according to information from POPULAR(12) and previous studies(10,30) 

assert there is no association between monitoring or pharmacological reversal 

with improved respiratory outcomes. It is our opinion that optimal 

neuromuscular blockade management during surgery should include both, 

quantitative neuromuscular monitoring and pharmacological reversal if needed 

to achieve a TOFr ≥ 0.9 before tracheal extubation. Regarding quantitative 

neuromuscular monitoring, it is interesting to remark that under 50% of the 

anaesthesiologists in Europe(31) acknowledge routine monitoring. Likewise, in 

our sub-study less than 40 % of patients were properly monitored, suggesting a 

wide area for improvement. Surprisingly, more than 66% of the 

anaesthesiologists in our sub-study reversed the neuromuscular blockade with 

antidotes meaning that a notorious percentage of the reversed patients were 

not monitored. So, one reason to explain the lack of statistically significant 

difference between the compared groups when analysing the main variables in 

this sub-study, may be the loss of patients for the analyses (and so the loss of 

power of the study). Indeed, all the patients receiving only one of the two 

strategies (neuromuscular blockade monitoring or reversal but not both of them) 

were not allocated in the M+R group but discarded. The same happened with 

patients in the noM+noR group who were only included if both criteria (no 

monitoring and no reversal) were present. Due to this reason, 950 patients of 

the all 2084 were not considered for this analysis.  Regarding complications 

associated with neuromuscular blockade management, it still seems to be a 

controversial matter. So clinicians will have to wait for the current ongoing 

studies (that are specifically focused on this issue such as PORCzero)(32) to be 

finished, to obtain extra information. In the medical literature there are no clear 

data associating neuromuscular blockade management with LOS but there are 

studies that show prolonged postoperative hospital courses(33) and increased 

readmission(34) with high doses of NMBAs. It is reasonable to believe that 

patients with neuromuscular blockade monitoring will receive an appropriate 
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reversal, and consequently the residual neuromuscular blockade in these cases 

may decrease and so the complications and LOS related to it. This hypothesis 

though likely must be ascertained by further studies with an adequate design. 

 It is not clear for us the 

reason of these results so more studies with proper design and targeting these 

two goals should be conducted to clarify it. 

 As far as we know, there are no studies demonstrating a 

clear decrease in mortality when using sugammadex for neuromuscular 

blockade reversion when compared with neostigmine. However, there are 

important recently published studies that link a better profile in terms of 

postoperative complications and safety to sugammadex(35). At least four meta-

analysis have shown better outcomes for sugammadex than for neostigmine as 

neuromuscular blockade reversal agent. Thus Abad-Gurumeta et al(36) found 

sugammadex reduced the number of patients with clinical signs of 

postoperative residual paralysis when compared with neostigmine. A Cochrane 

review(37) has recently demonstrated that sugammadex has a better safety 

profile than neostigmine. Following the same line of thought, Carron et al 

published the association of sugammadex with significantly lower global 

adverse events and weakness(38) as well as a more accelerated postoperative 

discharge(39) when compared it with neostigmine. 

The two main strengths of the present sub-study is that first, it is multicentre and 

second, it includes a large sample of patients undergoing colorectal surgery, 

what means our findings show real life data and may be easily generalizable to 

patients undergoing colorectal resection elsewhere. This sub-study has some 

limitations. First, the POWER study was designed not for analysing 

neuromuscular blockade monitoring and its reversal, but to demonstrate 

difference in the development of postoperative complications between ERAS 

versus NO ERAS groups. This fact can be responsible for some uncontrolled 

bias in our sub-study. Nevertheless, it was indeed planned prospectively to 
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make a secondary analysis conducting this sub-study to explore that topic. 

Moreover, we have not focused on respiratory complications only but on a wider 

range of complications and probably many of them are not associated with 

neuromuscular weakness. This may have diluted the potential positive effect of 

neuromuscular monitoring on respiratory postoperative events. Second, TOF 

ratio after extubating patients in the operating room was not recorded. So, it is 

not possible to ascertain whether our results are due to residual neuromuscular 

blockade or to the un-adequate use of the reversal drugs instead. Additionally, it 

is possible that patients with no neuromuscular blockade monitoring but having 

blind pharmacological reversion might have better outcomes than those who did 

not receive any of the two recommended strategies, meaning our sub-study 

might be statistically significant if we would consider them in the analysis. 

Something similar happens with patients who were monitored and did not 

receive reversal drugs. It is very likely that they achieved a TOF ratio ≥ 0.9 

meaning that pharmacological reversal was not indicated and so not 

administered. Including those patients in the final statistical analysis might have 

changed our results. 

 

Our study suggests there is no association between optimal neuromuscular 

blockade management (quantitative monitoring and pharmacological reversal) 

and postoperative complications and LOS during colorectal surgery within an 

enhanced recovery program. Patients reversed with neostigmine might die 

more after surgery than those reversed with sugammadex. Further prospective 

and randomized controlled trials are needed to ascertain these results. 

 

• NMB is associated with pulmonary and non-pulmonary complications after 

surgery worldwide. 

• Anaesthesiologists do not routinely use neuromuscular quantitative monitoring 

and pharmacological reversion. 
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• Quantitative neuromuscular monitoring and pharmacological reversion seems 

not to be associated with less postoperative complications and LOS during 

colorectal surgery in enhanced recovery program. 

• Pharmacological neuromuscular reversion with sugammadex seems to be 

associated with less mortality after surgery than neostigmine reversion. 
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 Flow chart patients. NMB; neuromuscular blockade, mNMB; 

monitoring of the neuromuscular blockade, revNMB; reversal of the 

neuromuscular blockade. M+R; monitoring + reversal  neuromuscular blockade. 

noM+noR; no monitoring+no reversal NMB. Rneos; neostigmine reversal. Rsug; 

sugammadex reversal. 
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Basal data
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 - Univariate and multivariate analysis. Association of moderate-severe 

postoperative complications, LOS, mortality and performing ERAS pathways 

with monitoring of the neuromuscular blockade and its reversal compared with 

no monitoring nor reversal of the neuromuscular blockade 

 

 

 

 Univariate and multivariate analysis. Association of moderate-severe 

postoperative complications, LOS, mortality and performing ERAS pathways 

with monitoring of the neuromuscular blockade and its reversal comparing 

neostigmine and sugammadex as antidotes 
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 Association of moderate- severe complications described by 

EPCO(21) definitions with monitoring of the neuromuscular blockade and its 

reversal compared with no monitoring nor reversal of the neuromuscular 

blockade 
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.- Association of moderate-severe postoperative complications defined 

by EPCO(21) definitions, with monitoring of the neuromuscular blockade and its 

reversal comparing neostigmine and sugammadex as antidotes 
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Cancer is a major contributor to morbidity and mortality globally despite 

advances in prevention, diagnosis, and treatment. Colorectal cancer (CRC) is a 

global burden, with an estimated  annual incidence of more than 140,000 new 

cases and 50.000 deaths in 2018 in USA.(1) Colorectal cancer therapy is 

complex, and surgery remains the cornerstone for its treatment, combined with 

chemotherapy and radiotherapy.  

There is a growing interest on the potential effect of perioperative 

anesthetic management on cancer growth and spread (2–8) since experimental 

studies demonstrate that anesthetic and analgesic drugs modulate cancer cell 

behaviors such as proliferation, invasion, and colony formation and induce 

immune suppression.(8–15) Preclinical studies suggest that opioids could 

promote direct tumor growth, angiogenesis, metastasis and indirect 

immunosuppression of cellular and humoral responses, mainly mediated by μ-

opioid receptor activation. (16,17) Association between increased expression of 

μ-opioid receptor and shorter disease free survival (DFS) has been 

demonstrated in lung, prostate, gastric and esophagus cancers. (18–22) 

Different retrospective analysis suggested an association between perioperative 

opioids with a higher recurrence rate/ decreased overall survival of non- small-

cell lung cancer and prostate patients.(23–25) Furthermore, a pooled analysis 

from prospective studies study suggested that methylnaltrexone, a peripherally 

acting μ-opioid receptor antagonist was associated with increased survival in 

patients with advanced cancer.(26)  

The impact of opioid use as a risk factor for colorectal cancer formation 

or recurrence after surgery was investigated in different studies. We focused 

this systematic review of the literature on the long-term impact of perioperative 

opioids in colorectal cancer recurrence. Specifically, we worked on the 

hypothesis that opioids are associated to worse long-term oncological 

outcomes.  
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We combined the results of two searching strategies in PubMed/MEDLINE 

(1950 to 8 April 2018): (i) one with broad search criteria and (ii) and another 

with more restrictive parameters (see Table 1. Search strategy in PubMed). 

Two reviewers (ODC and GM) scanned independently all articles identified by 

these search criteria for relevance by reading title and abstract. In case of 

disagreement, consensus between the two reviewers was sought. Additionally, 

the reference lists of eligible studies including narrative reviews and meta-

analyses were systematically evaluated to retrieve additional articles. We also 

searched clinicaltrials.gov website for relevant ongoing trials.  

 Our research interest was based on a PICO approach:  

P: Opioid influence on cancer–related long term outcome in patient undergoing 

colorectal surgery 

I: Opioid drugs administered in the perioperative period with at least partially 

(intraoperative and/or postoperative) available dose 

C: Correlation between dose and/or type of opioid with long term oncologic 

outcome 

O: Disease–free survival (DFS) and/or Overall survival (OS). 

 Studies that reported only on pre–clinical (e.g. Natural Killer or T 

lymphocyte activity) or short term outcomes were excluded. 

216



Capítulo 8 

The flowchart following PRISMA guidelines shows the search and selection 

process of the literature (Figure 1). We finally included 13 papers in the review 

that fulfilled the predetermined inclusion criteria. Due to the heterogeneity of 

each study in the design and type of data collection a quantitative meta-analysis 

to sum the evidence was deemed unfeasible. The characteristics of studies 

included in this study is showed in Table 2. 

Perioperative Opioids administration and long-term outcomes  
 A recent retrospective analysis on a large cohort (n = 1,679) that used an 

arbitrary cut-off value of 3 mcg/kg to divide patients in low vs. high opioid use 

found no association between intraoperative fentanyl administration and DFS or 

OS.(27)  

 Another retrospective analysis on a smaller group (n = 157) found that 

perioperative remifentanyl usage was not associated with cancer recurrence in 

stage IIIa/IIIb colorectal cancer patients using a Cox proportional hazard model 

taking into account as covariables: preoperative complications, location of 

tumor, tumor stage, perioperative remifentanil use, and blood transfusion. (28) 

Regional anesthesia study and link with opioid administration 
The largest study (n = 42,151) to date was based on a retrospective analysis of 

an administrative database (Medicare) and found that patients receiving 

intravenous opioid based analgesia had worse OS but no association was 

demonstrated with cancer recurrence.(29) Christopherson et al. (30) conducted 

a secondary analysis from a previously published RCT (31) and investigated the 

association between epidural analgesia and changes in OS. The authors found 

that in patient without pathologic evidence of metastasis, the hazard ratio of 

death was significantly higher in the first 1.46 year of follow–up in patient 

treated with conventional analgesia (HR: 4.56, 95% CI [1.40, 15.42], P = 0.012). 

The influence of opioids could not be determined because both groups received 

different opioid medication at different time–points via several routes of 

administration. Kim et al conducted a RCT in patients undergoing laparoscopic 

tumor resection to investigate the effect of opioid–based analgesia with 

pethidine or continuous wound infiltration with local anesthetics on 

immunological outcomes.(32) CRC recurrence and metastasis at 1 year of 
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follow–up were secondary outcomes of the study and were not different 

between both groups of treatment. It is worth noting that the sample size of this 

study was small and not powered to detect CRC recurrence.(32)  Similar results 

were demonstrated in a female cohort of patients (6). 

 In a long term follow–up analysis on oncologic patients (the majority of 

whom were colorectal cancer interventions) from a cohort of subjects who 

randomized to epidural analgesia or intravenous analgesia (33), Myles et al. 

(34) found no differences in DFS nor OS between epidural and intravenous 

analgesia groups. The epidural group received a median of 0 mg equivalent of 

morphine (interquartile range, 0–31) during the first 72 hours while intravenous 

group received a median of 107 (44–202). These results are in line with those of 

another follow–up analysis of a previous single–center RCT.(35) 

In a retrospective analysis on a cohort of 655 patients undergoing open 

colorectal oncologic surgery, Gupta et al. (36) found that patients who received 

epidural analgesia for rectal resections had a significantly lower mortality than 

those with opioid intravenous patient controlled analgesia (PCA) while no 

significant differences were seen in patients with colon cancer. On the contrary 

a two retrospective study from Gottschalk et al. (37)  and Day et al. (38) found 

no difference in mortality or recurrence between neuraxial anesthesia or 

analgesia and intravenous analgesia. In these studies, the authors did not 

report any data on opioid administration.  
Ongoing research
 By examining the clinicaltrials.gov registry, we found three registered 

studies (39–41) that plan to assess the impact of opioid administration and 

cancer recurrence (Table 3. ongoing studies).  
Opioids administration and long-term outcomes in the non-perioperative 
setting  
In a population based matched case–control study Naghibzadeh–Tahami et al. 

found that opioid use was a dose–dependent risk factor for colorectal cancer 

development.(42) Another study in patients with advanced stage colorectal 

cancer on last–line chemotherapy found that patients who received opioid 

formulations have an hazard ratio for death was 3.557 (95% CI, 1.032–12.257; 

P = 0.044), compared with patients who did not receive them.(43) 
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Immune response is a critical barrier against cancer progression and 

metastasis. It is increasingly recognized that impairment of cell-mediated 

immunity, and mainly natural killer cell function, is a potential risk of cancer 

dissemination 

(44) Furthermore perioperative period is increasingly seen as a critical time 

window where actions can be undertaken to prevent cancer progression thus 

improving long term outcomes. To this regard the anesthesiologists' choice of 

drugs and technique and its potential depressive effects on the host immune 

system has raised considerable interest in recent years. (2,7,8,10,12,13,45–48)  

 Opioid drugs are the quintessential example of this line of thought. While 

they are one of the staple of perioperative treatment numerous in vitro studies 

have showed their potential effect on immune system reaction: (i) they suppress 

humoral and cellular immunity (ii) they activate cellular migration and 

angiogenesis through several biochemical pathways. (19,49–53)  Although 

these mechanisms are somewhat questioned lately due to concerns on the 

animal models used in these studies (54–56) and competing cancer 

suppressive effects of certain opioids, (57–60) it is generally assumed that, at 

least in theory,  the effects of opioids on the immune system could lead to 

worse long-term outcomes in patients who receives these medications in the 

perioperative period. 

Despite the physiological rationale it is remarkable how few clinical 

studies have been performed to investigate this topic. Our review indicates that 

there is no definitive evidence that the use of opioids in patients undergoing 

colorectal cancer surgery have a clear deleterious effect as far as long-term 

outcomes are concerned.  

Only the Tai YH et al study, is designed to analyzed the association between 

perioperative opioid consumption and DFS/OS, and found no association. But 

this study presents some limitations due to its retrospective design, focus 

exclusively on intraoperative opioids and highlighting the arbitrary cut-off point 

between both study groups (high and low doses of intraoperative fentanyl) 

established in 3 µg/kg. So that the mean low dose group was 2.45 µg/kg and 

the mean high dose group 3.69 µg/kg. It´s also important highlights a significant 
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difference between the percentage of epidurals in both groups that could 

influence the results.  

A RCT of Kim SY et al evaluated postoperative pain management on 

immune function after laparoscopic resection of colorectal cancer. Groups are 

opioid–based analgesia (fentanyl iv PCA and pethidine as rescue analgesic) or 

non-opioid based analgesia (continuous 0.5% ropivacaine wound infiltration + 

tramadol iv PCA and NSAIs as rescue analgesics). Secondary outcomes 

included CRC recurrence and metastasis at 1 year of follow–up and found also 

no association between these analgesics and worse long-term outcomes. Main 

weaknesses was that sample size (59 patients) was not powered to secondary 

outcomes, tramadol PCA (an opiate derivate) was also used in the non-opioid 

group and remifentanil perfusion was the main analgesic intraoperative 

technique in both groups.  The studies of Naghibzadeh-Tahami A et al e Imura 

MK et al are matched case–control and retrospective studies and found positive 

association of opioids administration with CRC development and worse overall 

survival, but are not in the perioperative setting. 

In line with our findings, studies conducted on different types of cancer  

do not offer conclusive evidence. A population-based study in breast cancer 

patients found no association between opioids and cancer recurrence adjusted 

(HR 1.0, 95% CI 0.92–1.1), (61) while another retrospective analysis conducted 

in lung cancer patients only demonstrated a decrease in OS in stage I cancer 

(23). 

Our study has several limitations. The studies included in this review 

have several methodological differences as well as incomplete data reporting 

that precluded the possibility of a pooled analysis. In some papers only 

intraoperative opioid was recorded and analyzed (27) and total dose was not 

reported and the variable was treated in a dichotomic fashion (yes/no) (28). 

Other reports assessed opioid effects only indirectly as a corrollary of a 

locoregional techinque (29,30,34–38) Moreover the vast majority of studies 

were retrospective analysis or follow-up studies on previously published cohorts 

with heterogenous and often partial inclusion of potenital intraoperative and 

postoperative confounding factors. For instance, most studies except the work 

by Gupta et al., have grouped colon and rectal tumors under the same analysis. 

220



Capítulo 8 

It is well known that the prognosis of patients with tumors located in their colon 

is better than those with rectal malignancies. 

 The only RCT included (32) has a relatively small sample size probably 

underpowered to assess long term outcome effects of opioid drugs. The largest 

study (29) did find a reduction in OS but failed to show any effect on recurrence. 

Expert in the field have issued a Consensus Statement (62) that 

highlights on one hand how current data are insufficient to promote a change of 

clinical practice and on the other the need for prospective randomized trials to 

gather definitive proof on the role of opioid on long term outcomes in cancer 

patients undergoing surgery. Several RCTs are underway and hopefully can 

shed some light on the matter in the near future. 

Our study also demonstrates that many patients undergoing colorectal 

cancer surgery receive opioids during and after surgery since in all studies 

opioids were given either in small or large quantities. There has been an 

increased concerning on whether opioids acting on mu-signaling pathways can 

promote cancer progression after oncological surgery.. Mu-opioid receptors are 

expressed in several cancers (i.e. lung and prostate cancer) in which a high 

level of expression is an independent risk factor of poor survival. (18,22) Nylund 

et al. (63) have demonstrated that the level of expression of the mu-opioid 

receptor in human colorectal cancer is high. Unfortunately, the authors did not 

determine the impact of the expression of the receptor in patients’ survival This 

suggests that opioids could promote metastasis in colorectal cancer however, in 

vivo experiments have shown that intermittent morphine administration 

decreases colon metastasis in a rat model but not in mice. (64)  
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The perioperative period constitutes a promising window where preserving 

optimal homeostasis anesthesiologists' could theoretically prevent or at least 

minimize tumor cells spreading and ultimately cancer recurrence. As part of this 

enhanced perioperative management an opioid-free or opioid-sparing 

management has been proposed recently. 

To this day however there is no conclusive evidence to avoid the use of 

opioids with the goal of reducing the risk of tumor recurrence in this patients. 

Anesthesiologists should provide perioperative management based on 

individual analysis and best available evidence and opioids should continue to 

be used as a key component of balanced anesthesia. 

 More studies are needed to demonstrate whether the mu opioid receptor 

expression in colorectal cancer can be used as an independent risk factor of 

survival.  
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First Author Year of 
Publication Study Design Sample 

Size Sample Age Cancer 
type Stage 

Follow 
up 

(Years) 

Opioid effect 
on OS 

Opipid 
effect on 

DFS 

Christopherson 2008 

Follow-up 
study on a 

subgroup from 
an RCT 

177 Mean, 68 Colon 0-IV 10 
Not 

assessed 
specifically 

Not 
assessed 

specifically 

Gottschalk 2010 Retrospective 669 Mean 65 
Colon 
and 

Rectal 
0-IV Median 

1.8 

Not 
assessed 

specifically 

Not 
assessed 

specifically 

Myles 2011 
Follow-up on a 
subgroup from 

an RCT 

446 
(Colon 236) Mean 70 Colon Dukes 

A-C 12 
Not 

assessed 
specifically 

Not 
assessed 

specifically 

Gupta 2011 Retrospective 655 Mean 71 
Colon 
and 

Rectal 
I-III Range 

1-5 

Signficant 
higher risk of 

death in 
rectal cancer 

Not 
significant 

Kurosaki 2012 Retrospective 157 N/A Colon IIIa-
IIIb 

Min 2 
Max 7 

Not 
significant 

Not 
significant 

Cummings 2012 Retrospective 42151 Mean 78 
Colon 
and 

Rectal 
I-III At least 

4 
Significantly 
shorter OS 

Not 
significant 

Day 2012 
Follow-up 
study on 

previous RCT 
424 Mean 70 

Colon 
and 

Rectal 
0-IV Median 

1-3 

Not 
assessed 

specifically 

Not 
assessed 

specifically 

Vogelaar 2012 

Follow-up 
study on a 
historical 

cohort 

306 Mean 69 Colon I-III 10 Significantly 
shorter OS 

Not 
assessed 

specifically 

Binczak 2013 
Follow-up 
study on a 

previous RCT 

132 
(Colorectal 

55) 
Mean 58 

Colon 
and 

Rectal 
0-IV Median 

17 

Not 
assessed 

specifically 

Not 
assessed 

specifically 

Naghibzadeh-
Tahami 2016 Retrospective 525 

Only 
Categorical 

reported 

Colon 
and 

Rectal 
N/A N/A Significant 

risk factor N/A 

Kim 2016 Randomized 
controlled 60 Mean 66 

Colon 
and 

Rectal 
I-III 1 Not 

significant 
Not 

sgnificant 

Tai 2017 Retrospective 1679 Mean 68 
Colon 
and 

Rectal 
I-III Median 

2.58 
Not 

significant 
Not 

significant 

Imura 2018 Retrospective 47 
Only 

categorical 
reported 

Colon 
and 

Rectal 
IV N/A Significantly 

shorter N/A 
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Colorectal cancer (CRC) is one of the most prevalent cancers worldwide [1]. 

After primary treatment of non-metastatic CRCs, 20%-40% of the patients 

develop recurrences, which are associated with a poor long-term prognosis [2]. 

Surgical resection is the cornerstone treatment in CRC, however it is also 

associated with inflammation, activation of sympathetic nervous system, 

hypercoagulability, ischemia/reperfusion injury and suppression of the immune 

system [3–5]. This stress response decreases the host capability to deal with 

minimal residual disease, thus increasing the potential risk of local recurrences 

or metastasis [6–9]. 

Type 1 mu-opioid receptor (MOR-1) agonist drugs such as fentanyl, 

hydromorphone and morphine are still the mainstay analgesic treatment in 

oncologic patients undergoing oncologic surgery [10]. Preclinical data suggest 

that MOR-1 is over-expressed in cancer cells and its activation is linked to 

cancer progression [11,12]. In addition, analgesics such as opioids may 

promote cancer recurrence by acting on MOR-1 [13–17].  

The current evidence on the impact of MOR-1 over-expression on 

disease free survival (DFS) or overall survival (OS) is heterogeneous. MOR-1 

over-expression is associated to poor DFS in advanced prostate cancer [18], 

gastric cancer [19] and hepatocellular carcinoma [5] while no association has 

been found in esophageal squamous cell carcinoma [20]. In CRC, MOR-1 

expression has been demonstrated in vitro [21] but the association between 

tumor and non-tumor tissue differences in MOR-1 expression and long-term 

outcomes in humans has never been assessed. Furthermore, whether opioid 

use is associated with worse long term outcomes in CRC patients receiving 

opioids is unknown [22]. 

The aim of this study was to investigate the association between MOR–1 

expression and oncological long-term outcomes in patients with colorectal 

cancer. We hypothesized that MOR-1 expression is increased in colorectal 

cancer (versus non-tumor adjacent tissue) and is associated with shorter 

disease free survival.  
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Two-hundred and twenty-eight patients were screened for eligibility, 54 patients 

were excluded due to stage I or postoperative stage IV classification, urgent 

surgery and poor sample quality, 174 patients were finally included in the study. 

(Figure S1 in the Supplementary Digital Content). Patients’ characteristics are 

shown in Table 1. Bland–Altman plot of two samples reading is reported in 

Figure S2, in Supplementary Digital Content. Bias was 0.66 (95%CI, 0.53–0.78) 

and Limits of agreement were -1.04 (95% CI, -1.26– -0.82) and 2.35 (95%CI, 

2.13–2.57) for lower and upper, respectively. 

Expression of MOR-1 

MOR-1 expression was higher in tumor tissue compared to non–tumor tissue 

from the same patient (Figure 1). Median MOR-1 expression was 3.5 [95%CI, 

2.5–4.5] for tumor tissue and 2 [95%CI, 1.5 – 2.5] for control tissue (difference 

1.50, 95%CI 1.49–1.99, P<0.001). The correlation between MOR-1 expression 

and oncological features is showed in Table S1 Supplementary Digital Content. 

MOR-1 expression was associated with a higher number of metastatic lymph 

nodes and with stage III.  No other significant correlations were observed. 

Association between MOR expression and long-term outcomes 

The Kaplan Meier analyses are reported in Figure 2. No significant differences 

were found for DFS or OS (log rank test P=0.81 and P=0.62 respectively).   

Thirty patients (22%) experienced a recurrence during the follow–up period and 

29 (21%) patients died during follow–up. Univariable analysis showed a HR of 

0.85 (95%CI 0.68–1.06, P=0.152) for DFS and a HR of 0.88 (95% CI 0.70–1.11, 

P=0.270) for OS.  

Similarly complete cases multivariable Cox regression (Table 2) showed 

no significant association between MOR-1 expression, DFS (HR 0.791, 95%CI 

0.603–1.039, P=0.092) and OS (HR 1.023, 95%CI 0.784–1.335, P=0.869, 

Figure 2). Analysis after missing values imputation yielded no significant 

association between MOR-1 expression and DFS and OS (Table 2). Among the 

covariables included in the model after the selection process by penalized 

regression only carcinoembryonic antigen (CEA) value at diagnosis was 

significantly associated with shorter DFS (HR 1.811, 95%CI 1.245–2.635, 

P=0.002) and number of metastatic lymph nodes with OS (HR 1.482, 95%CI 

1.110–1.978, P=0.008). 

Association between MOR expression and postoperative complications 
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MOR expression was not associated with occurrence of complications in the 

first 28 postoperative days both in univariable (OR 0.838, 95%CI 0.630–1.105, 

P=0.214) and multivariable logistic regression (Table S2 in Supplementary 

Digital Content). 

 

The main findings of this study can be summarized as follows: in patients with 

colorectal cancer (stage II-III), (1) expression of MOR-1 receptor was higher in 

tumor tissue than in normal tissue and (2) this was not associated with shorter 

DFS or OS. 

Increased MOR-1 expression in cancer tissue have been consistently 

reported in the literature [5,18–20]. Moreover, previous in vitro results showed a 

higher expression of MOR-1 in colorectal cancer tissue than in normal mucosa 

tissue [21]. The results of our study are in line with these data. On the other 

hand, the association of MOR-1 over-expression with clinical outcomes is not 

clearly established with some trials reporting benefits [5,18,19] while other do 

not [20]. It is difficult to compare our results with preceding studies due to tissue 

specific considerations and methodological issues as previous data come from 

other organs' cancers [5,18–20]. Moreover, our study included patients with 

non-advanced cancer stages, while previous studies frequently including 

advanced or metastatic cancer disease and MOR-1 over-expression could be a 

reflection of this advanced stage without any causal relationship. In addition, 

other factors could influence MOR-1 expression in tumor. For instance, MOR-1 

increased expression have been recently linked to intraoperative opioid use [17] 

and this could explain differences in results. This hypothesis, however, could 

not be tested in our study since it requires a baseline preoperative assessment 

of MOR-1.   

The method of MOR-1 expression assessment is another source of 

heterogeneity that hinder comparisons with previous data. Some trials used IHC 

[18,20] while other relied on real-time quantitative polymerase chain reaction 

(RT-qPCR) [5,19]. These techniques target different cellular components and 

although clinical studies supported some correlation [23,24], results are not 

completely interchangeable. Also, different IHC scoring have been used and the 
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technique is dependent on the pathologist interpretation. While other studies 

frequently used a dichotomic score and offer scant details on how they specified 

such dichotomy, we chose to employ a more gradual scale and carried out 

repeated blinded assessment of IHC staining.   

MOR-1 is encoded by the OPRM1 gene and polymorphism in the gene 

locus have been described [25]. Single nucleotide polymorphism A118G have 

been previously linked with a reduced sensibility to exogenous opioids [26] and 

decreased cancer specific mortality probably due to the decreased 

immunosuppression associated with the G allele. Studies in breast and 

esophageal cancer patients found that the GG and GA alleles provided 

significant survival benefit compared to the AA allele [27–29]; it was 

hypothesized that a G allele increased sensitivity to endogenous opioid 

peptides [30,31]. In our study, we did not assess genetic polymorphism, and 

this could have contributed to our results, although any allele-specific in 

colorectal cancer patients remains to be elucidated.  

Preclinical investigations appear to indicate that the role of MOR-1 

agonists is cell type-, dose- and time-dependent. Morphine has been found to 

be a suppressor of cells' metastatic behavior [32], inhibitor adhesion molecules 

(ICAM-1) expression in endothelial cells [33]. Also, chronic administration of 

morphine inhibited tumorigenesis and metastasis [34] and reduced liver 

metastasis in animals [35]. Yet, other authors showed that morphine at a 

concentration of 100 nM stimulated the release of urokinase type plasminogen 

activator, a factor known to promote metastasis [21] and that the activation of 

MOR was associated with a significant increase in the release of interleukin-8 

[36]. We found no association between total perioperative 96h opioid use with 

DFS or OS. In previous studies equivalent morphine consumption has 

contradictory impact upon disease free survival. While it decreased survival on 

early stages of lung cancer [37] had no impact on colorectal or esophageal 

cancers [29,38,39].  

This study has several strengths. It is the first trial that implement and 

strictly follow a prespecified analysis plan based on the REMARK benchmark 

methodology for this type of studies. Furthermore, we used an IHC score that 

cover all grades of staining without gaps and analyzed it as an ordinal variable 

without information loss due to dichotomizing process thus maximizing the 
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power of our analysis. Also, the evaluation of MOR-1 expression was done by 

blinded repeated readings. Finally, we thoroughly collected potential 

confounders and analyze the associations with rigorous controlled 

methodology.  

Some limitations have to be nevertheless acknowledged: (1) the 

retrospective design; (2) the low rate of events which limits the statistical power 

of any association; (3) the restricted analysis to stage II or III, non-advanced 

cancer; (4) the lack of evaluation the OPRM1 gene variant polymorphism and 

(5) only perioperative opioid use was recorded.(6) No software for IHC 

evaluation .  

CRC adjuvant treatment is guided by an individualized recurrence risk 

stratification based on oncological features or markers such as CEA or lymph 

nodes invasion. MOR-1 IHC expression showed promising results and could be 

potentially incorporated in therapy guidance, however the results from this study 

did not support such incorporation. 

 

This was an investigator–initiated retrospective single center study, conducted 

according to a protocol reviewed and approved by the Spanish Drugs 

Regulation Agency on May 4th 2018 and the Institutional Review Board of the 

Hospital Universitari I Politécnic la Fe, Valencia, Spain on June 27th 2018. The 

study was registered at clinicaltrials.gov (identifier: Clinical trials - 

NCT03601351) and conducted in accordance with the Declaration of Helsinki 

on ethical principles for medical research in human subjects, adopted by the 

General Assembly of the World Medical Association (1996).  

Study population 

Patients were eligible for participation if (a) the scheduled colorectal surgery 

occurred between January 2010 and December 2013; (b) they were age > 18 

years and (c) and had suspected colorectal cancer for stage II/III. Exclusion 

criteria were: (a) non oncologic colorectal surgery; (b) emergency or unplanned 

surgery; (c) and colorectal cancer for stage I or IV.  Patients with poor quality 

histological samples were not included in analysis. Patients’ follow-up was 5 
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years from the day of surgery and all data were obtained from electronic clinical 

records. 

Primary outcome 

The main outcome of this study was to evaluate the impact of MOR-1 

expression by immunohistochemistry (IHC) on patients' disease free survival 

(DFS) 5 years after surgery.  

Secondary outcomes 

Secondary outcomes included: a) differences in MOR-1 expression in tumor 

and non-tumor tissue; b) association between MOR–1 expression and 

oncological features; c) type of recurrence; d) overall five-years survival; and e) 

any postoperative complications until postoperative day (POD) 28.  

Definitions 

DFS was calculated according to the National Cancer Institute definition as the 

length of time after primary treatment (in our study surgery) that the patient 

survives without any signs or symptoms of cancer progression.  

OS was defined the period of time starting from the date of the initial 

surgery to the time of death any cause or the last date of follow-up if no events 

were documented. 

(https://www.cancer.gov/publications/dictionaries/cancerterms?cdrid=44023) 

Postoperative complications were registered and graded according to 

European Perioperative Clinical Outcome (EPCO) definitions [40]. 

Data collected 

MOR-1 immunohistochemical studies were performed on paraffin-embedded 

human histological tissues of colorectal adenocarcinoma. In each case, we 

selected a sample with colorectal adenocarcinoma and a normal colonic 

sample.  

Human MOR-1 Immunohistochemistry procedure: For antigen retrieval, 

sections were heated in Envision Flex buffer (pH=9) for 20 min and incubated 

for 30 min at room temperature with mouse monoclonal MOR-1 antibody 

(1:100) (Acris®). Slides were developed for ten minutes with 3,3′-

diaminobenzidine chromogen and counterstained for ten minutes with 

hematoxylin. The quantification of MOR-1 Expression in Human Colon Samples 

was done by microscopic evaluation of MOR-1 immunoreactivity carried out by 

one experienced pathologist. The observer performed two separate blinded 
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assessments to evaluate for variability. The standard operation procedure 

(SOP) for IHC analysis is described in Appendix A. Immunostaining was read in 

a semi quantitative manner.  Positive staining for MOR-1 were defined as those 

showing brown signals in the cell cytoplasm, nucleus, or membrane. The 

staining intensity was scored as “0” (no staining), “1” (weakly stained), “2” 

(moderately stained), or “3” (strongly stained). The percentage of cell positivity 

was scored as “0” (< 5%, negative), “1” (5%-25%, sporadic), “2” (25%-50%, 

focal), or “3” (>50%, diffuse). The expression of MOR-1 was scored by adding 

the intensity staining scores and the percentage area positively stained, 

producing a total range from 0 to 6. Negative immunostaining score was tested 

successfully in central nervous system tissue sample without MOR-1 

expression.  After the first immunostaining reading, the same pathologist 

conducted a second assessment to minimize interindividual variability.   

Other variables recorded were: gender; age; American Society of 

Anesthesiologists (ASA) physical status; arterial hypertension; diabetes 

mellitus; history of cigarette smoking; preoperative plasma total protein; 

anesthetic technique used (intravenous versus halogenated); epidural 

anesthesia use; amount of opioid drugs administered in the first 96 

postoperative hours (in oral morphine equivalents [41]; intraoperative 

remifentanil use; blood transfusion in the first 96 postoperative hours;  duration 

of surgery; neoadjuvant radiotherapy; neoadjuvant chemotherapy; adjuvant 

chemotherapy or radiotherapy; preoperative hemoglobin value; stage II or III 

cancer (%); need for reintervention; MOR-1 expression in non–tumor tissue; 

carcinoembryonic antigen value at diagnosis; number of positive lymph nodes.  

Sample size calculation 

To the best of our knowledge, there is no published data in literature on 

correlation between MOR-1 and DFS rate in colorectal cancer. Thus, we 

performed our calculation on another digestive tract cancer [19]. Based on 

published data on MOR-1 expression and mortality in a gastric cancer 

population and assuming that subjects with positive expression of MOR-1 in the 

neoplastic tissue had a risk ratio of 2.5 to suffer an event (with a standard 

deviation of 0.6) we estimated that to detect a statistically significant difference 

in a sample of 170 patients with a 5-year recurrence rate of 20% and an alpha 

error of 5% (0.05), power of  80% and a censorship rate of 10%. 
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Analysis plan 

The analysis plan was specified before patients’ data retrieval or data analysis. 

Data are reported as counts and proportions or means (standard deviation, SD) 

or medians [25th – 75th percentiles] depending on their distribution. Normality of 

distributions was assessed by inspection of quantile–quantile plots. Logarithm 

transformation was carried out if severe skewness was observed in any variable 

distribution. This was performed for carcinoembryonic antigen level at diagnosis 

and number of positive lymph nodes.   

The preliminary analysis on MOR-1 IHC differences between tumor and 

non–tumor tissue was carried out by paired–sample Wilcoxon rank sum test. 

The association between MOR–1 IHC expression and oncological features was 

assessed by Spearman rank correlation (ρ), or Goodman Kruskal's gamma 

statistic.  

The association between MOR-1 IHC expression and DFS and OS was 

evaluated using the Kaplan-Meier survival curve and the Log-Rank test. For this 

analysis MOR expression was dichotomized and was defined as positive when 

tumor tissue had a higher expression than non–tissue tumor in a same patient's 

samples and negative otherwise. Also, a univariable estimation of association 

between MOR-1 IHC and both DFS and OS was tested with Cox model after 

checking for proportional risk assumption and residuals. If scaled Schonfeld 

residuals plot and test did not fulfill proportional risk assumption a parametric 

model was fitted choosing the best fitting distribution by Akaike information 

criterion (AIC) [42].  

In addition, a multivariable Cox regression model was estimated to 

control for potential confounding factors. Variable selection was carried out 

through Elastic Net with the alpha and lambda parameter estimated by cross-

validation. The variables that entered the selection process are detailed in the 

Table S3 REMARK profile in Supplementary Digital Content. 

The relationship between MOR-1 IHC score and complications at 28 

postoperative days was assessed by univariable and multivariable logistic 

regression with variable selection process carried out with Elastic Net with same 

methodology as for disease free and overall survival analysis (see Table SX 

REMARK profile in the Supplementary Digital Content for full details). 
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For outcome analysis (DFS and OS), cases with missing values > 5% in 

any covariable were included in the analysis using multiple imputation methods. 

The hazard ratios were derived from the pooled average effect across 10 

augmented datasets, with the confidence intervals and significance tests taking 

into account the uncertainty of the imputations. The multiple imputation was 

performed by the mice package from R software (version 3.5.0). 

Statistical significance level will be set at P < 0.05. All analysis will be 

performed with R software (R Foundation for Statistical Computing, Vienna, 

Austria).  

MOR-1 expression is increased in colorectal cancer tissue but there is no 

association with five years DFS or OS. The results from this study did not 

support MOR-1 IHC expression incorporation in colorectal cancer recurrence 

risk stratification markers. More investigations are warranted to evaluate the 

role of MOR-1 over-expression, perioperative opioid use and long-term 

oncological outcomes in colorectal patients. 

 

Standard operating procedure (SOP) Immunohistochemical analysis 

Immunohistochemical analysis was performed on human tissue from tumoral 

specimens of colorectal adenocarcinoma from Hospital Universitario y 

Politécnico La Fe, Valencia, Spain. MOR-1 immunohistochemical staining was 

performed on the human paraffin-embedded tissue. For each patient, we 

selected a sample with colorectal adenocarcinoma and a normal colonic 

sample. 

For antigen retrieval, sections were heated in Envision Flex buffer (pH=9) 

for 20 min and incubated for 30 min at room temperature with mouse 

monoclonal MOR1 antibody (1:100) (Acris®). Slides were stained for ten 

minutes with 3,3′-diaminobenzidine chromogen and counterstained for ten 

minutes with hematoxylin. 

The microscopic evaluation of MOR-1 immunoreactivity was carried out 

by an experienced pathologist without knowledge of patient stage. The 
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pathologist performed the analysis twice on every sample in a blinded fashion. 

The Representative pictures of each evaluated area are obtained. The 

immunostaining was read in a semi quantitative manner.  Positive reactions 

were defined as those showing brown signals in the cell cytoplasm, nucleus, or 

membrane. The staining intensity was scored as “0” (no staining), “1” (weakly 

stained), “2” (moderately stained), or “3” (strongly stained). The percent 

positivity was scored as “0” (< 5%, negative), “1” (5%-25%, sporadic), “2” (25%-

50%, focal), or “3” (>50%, diffuse). 

The expression of MOR-1 was scored by adding up the intensity scores 

and the percentage area positively stained, producing a total range of 0–6 

(Table 3 and Figure 3). 
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MOR-1 expression: (a) Probability density plot of MOR-1 score, 

Green: Normal tissue, Orange: Tumor tissue; (b) Scatterplot and Box plot of 

score distribution by type of sample. 
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Time to event analysis. Assessment of association between MOR-1 

expression in tumor sample and DFS and OS : (a) Kaplan Meier curve 

assessing MOR-1 expression effect on DFS. MOR-1 score is dichotomized as 

detailed in text. Missing data are imputed as detailed in text; (b) Multivariable 

Cox model curve estimation for DFS. MOR-1 score is analyzed as an ordinal 

variable with 7 levels (from 0 to 6). Different score are showed in colors from 

green to red with green representing a score of 0 and red a score of 6 (c) 

Kaplan Meier curve assessing MOR-1 expression effect on OS. MOR-1 score is 

dichotomized as detailed in text. (d) Multivariable Cox model curve estimation 

for OS. MOR-1 score is analyzed as an ordinal variable with 7 levels (from 0 to 

6). Different score is showed in colors from green to red with green representing 

a score of 0 and red a score of 6. 
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 Immunohistochemistry sample to describe scoring. (a) Central 

nervous system tissue control; (b) Score 0; (c) Score 1; (d) Score 2; (e) Score 3; 

(f) Score 4; (g) Score 5; (h) Score 6. 
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La discusión de los resultados se ha agrupado, de igual modo que la 
introducción, en cuatro bloques principales:  estrategia individualizada de 
neumoperitoneo, ventilación mecánica y bloqueo neuromuscular en cirugía 
laparoscópica, y  estrategia analgésica en cirugía oncológica.  
 

Estrategia individualizada de neumoperitoneo en cirugía 
laparoscópica

En el capítulo 2, se detalla el estudio observacional multicéntrico ‘Individualized 

PneumoPeritoneum pressure in Colorectal Laparoscopic Surgery’ 

(IPPColLapSe I). Se reclutaron 92 pacientes y se excluyeron 14 por conversión 

a cirugía abierta. Se confirma que una estrategia individualizada de presión del 

neumoperitoneo es factible en todos los pacientes y aceptada por los equipos 

quirúrgicos. En 61 de los 78 pacientes (78%) se obtuvieron adecuadas 

condiciones quirúrgicas a la mínima presión intraabdominal (8 mmHg). El 

análisis de la relación entre la presión del neumoperitoneo y la “driving 

pressure” respiratoria resultó ser casi lineal. El volumen intraabdominal medio 

estimado con el que se realiza la cirugía laparoscópica colorrectal con 

adecuadas condiciones fue 3,2 L.   Se confirma nuestra hipótesis de que la 

aplicación de un paquete de medidas permite disminuir la presión del 

neumoperitoneo utilizada manteniendo unas adecuadas condiciones 

quirúrgicas en cirugía laparoscópica colorrectal. Esta estrategia individualizada 

de presión del neumoperitoneo también permite disminuir la “driving pressure” 

respiratoria.  

El Capítulo 3 recoge la publicación del protocolo del ensayo clínico con 

medicamentos, de bajo nivel de intervención, randomizado, multicéntrico,  

“Individualized PneumoPeritoneum pressure in Colorectal Laparoscopic 

Surgery versus standard theraphy” (IPPColLapSe II), no dispone, por tanto, de 

resultados ni conclusión. 

En el capítulo 4, se detalla el ensayo clínico con medicamentos de bajo nivel de 

intervención, randomizado, multicéntrico, “Individualized PneumoPeritoneum 

pressure in Colorectal Laparoscopic Surgery versus standard theraphy” 

(IPPColLapSe II).  Se reclutaron 166 pacientes, 85 recibieron una estrategia de 

presión de neumoperitoneo individualizada (IPP) y 81 una estrategia de presión 

263



Discusión general de resultados 

estándar (SPP). La IPP se asocia a una mayor probabilidad de mejor 

recuperación medida mediante la escala de calidad de recuperación 

postoperatoria (PQRS) en el dominio fisiológico [odds ratio (OR) 2 77, IC95% 

1 19 a 6 40, p=0 017; risk ratio (RR) 1 82, IC95% 1 79 a 1 87, p=0 049)]. La  IPP 

también se asocia a una mayor probabilidad de mejor recuperación del PQRS 

en el dominio emocional (p=0 013) y en la recuperación global (p=0 011). Los 

eventos adversos intraoperatorios fueron asimismo menos frecuentes en el 

grupo (IPP) (p<0 001), así como la relación neutrófilos-linfocitos en plasma 

(p=0 029). No hubo diferencias en los otros objetivos. Se confirma nuestra 

hipótesis de que una estrategia de presión de neumoperitoneo individualizada 

mejoraría la calidad de recuperación postoperatoria comunicada por el 

paciente, PQRS, en el día 1 del postoperatorio.   

De este modo, la colaboración multidisciplinar con los cirujanos ha permitido 

demostrar que una estrategia individualizada de presión del pneumoperitoneo 

en cirugía laparoscópica colorrectal: es factible, permite disminuir la presión 

intraabdominal a la mínima (8 mmHg) en la mayoría de casos, manteniendo 

adecuadas condiciones quirúrgicas, presenta  menos complicaciones 

intraoperatorias y menos inflamación, y que, integrando al paciente en la 

evaluación a través de los resultados por él comunicados,  se asocia a una 

recuperación más rápida, que una estrategia estándar de presión fija.  

 

 

Bloque 2: Estrategia de ventilación mecánica en cirugía laparoscópica 
 

En el capítulo 5 se detalla el ensayo clínico prospectivo cruzado 

“Intraabdominal Pressure Targeted Positive End-expiratory Pressure during 

Laparoscopic Surgery. An open-label, nonrandomized, crossover, clinical trial” 

(IPPColLapSe III), donde se incluyeron y analizaron 30 pacientes. La presión 

positiva al final de la espiración (positive end-expiratory pressure, PEEP) 

titulada fue 10, 14 y 17 cmH2O para una presión del neumoperitoneo de 8, 12,  

y 15 mmHg, respectivamente. Comparado con una estrategia de PEEP fija de 5 

cmH2O, la estrategia de PEEP titulada se asocia a menor “driving pressure” 

transpulmonar media a una presión intraabdominal (PIA) de 8 mmHg (7 [5 a 8] 

frente a 9 [7 a 11] cmH2O; p=0,010; diferencia 2 [IC95% CI 0,5 a 4 cmH2O]); 
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de 12 mmHg (7 [4 a 9] frente a 10 [7 a 12] cmH2O; p=0,002; diferencia 3 [1 a 5] 

cmH2O); y  de 15 mmHg (7 [6 a 9] frente a 12 [8 a 15] cmH2O; p<0,001; 

diferencia de 4 [2 a 6] cmH2O).  El efecto de una estrategia de PEEP titulada 

comparado con una estrategia de PEEP fija en la “driving pressure” del sistema 

respiratorio es comparable al efecto en la “driving pressure” transpulmonar, a 

pesar de que la “driving pressure” del sistema respiratorio fue mayor que la 

transpulmonar en todos los niveles de presión intrabdominal del 

neumoperitoneo. De este modo se confirma la hipótesis de que una estrategia 

orientada a igualar los niveles de PEEP a los niveles de presión intraabdominal 

del neumoperitoneo previene el aumento en la “driving pressure” transpulmonar 

y del sistema respiratorio en cirugía laparoscópica.  

 

En el capítulo 6 se incluye el metaanálisis de los estudios IPPColLapSe I, II y  

III (capítulos 2, 3, 4 y 5)  en los que se utilizó la misma metodología para la 

generación del neumoperitoneo y el cálculo de la compliance abdominal, 

recogiendo datos de la estrategia ventilatoria. Se demuestra que la presión 

intraabdominal del neumoperitoneo en los rangos habituales utilizados en 

cirugía laparoscópica tiene una relación no lineal con el volumen 

intraabdominal alcanzado y una relación lineal con las presiones de vía aérea. 

El incremento de volumen intraabdominal alcanza una meseta a 6,0 L [IC95% 

5,9 a 6,2]. La variación de volumen con relación al aumento de presión 

intraabdominal disminuye a niveles de presión intraabdominal de 9,8 [IC95% 

9,7 a 9,9] a 12,2 [12,0 a 12,3] mmHg. El ratio de transmisión abdomino-torácica 

fue de 0,65 [IC95% 0,62 a 0,68], de modo que 1 mmHg de PIA aumenta las 

presiones en vía aérea 0,88 cmH2O. Se confirma la hipótesis de que se debería 

identificar esta relación y realizar la cirugía laparoscópica por debajo del umbral 

de presión intraabdominal en el cual la ganancia de volumen intraabdominal 

disminuye.  

De este modo, una visión integral de la estrategia de ventilación mecánica, 

entendiendo el impacto de la presión del neumoperitoneo en las presiones del 

sistema respiratorio, permite, utilizando una estrategia individualizada de 

neumoperitoneo y una PEEP titulada, disminuir la “driving pressure”. Futuros 

265



Discusión general de resultados 

estudios podrán analizar si permite disminuir las complicaciones pulmonares 

postoperatorias. 

 
Bloque 3: Estrategia de bloqueo neuromuscular en cirugía laparoscópica 

 
 En el capítulo 7 se incluyeron para este subanálisis 2084 pacientes sometidos 

a cirugía electiva colorrectal que participaron en el estudio “Postoperative 

Outcomes Within an Enhanced Recovery After Surgery Protocol (POWER)”.  

En el análisis multivariante no se encontraron diferencias en complicaciones 

moderadas-severas (174 (25,7%) frente a 124 (27,1%); p=0,607), estancia 

hospitalaria (10,8 ± 11,1 frente a 11,0 ± 12,6) días; p=0,683) y mortalidad (6 

(0,9%) frente a 5 (1,1%); p=0,840) entre los grupos que recibieron un manejo 

óptimo del bloqueo neuromuscular (monitorización cuantitativa y reversión 

farmacológica) y los que no lo recibieron. En el análisis univariante se encontró 

que los pacientes revertidos con neostigmina presentaban mayor mortalidad 

que los revertidos con sugammadex (3 (2,7%) frente a 3 (0,5%); p=0,048). No 

se puede confirmar la hipótesis de que un manejo óptimo del bloqueo 

neuromuscular, en el contexto de un programa de recuperación intensificada se 

asocie a menores complicaciones postoperatorias. 

En el contexto de programas recuperación intensificada en cirugía 

laparoscópica colorrectal en el que se evalúan paquetes de medidas es difícil 

establecer el peso de cada medida individual en los resultados globales. Esto 

podría explicar por qué no hemos podido demostrar asociación entre un 

manejo óptimo y una disminución de las complicaciones. 

 

 
 

Bloque 4: Estrategia analgésica en cirugía oncológica  
 

En el capítulo 8 se incluyeron finalmente en la revisión sistemática 13 artículos 

que cumplieron los criterios preestablecidos. No se realizó un metaanálisis 

cuantitativo dada la heterogeneidad de los estudios. La revisión indica que no 

hay evidencia que apoye evitar el uso de opioides perioperatorios con el 

objetivo de disminuir el riesgo de recidiva tumoral en cáncer colorrectal. De 
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este modo no se confirma la hipótesis de que los opioides perioperatorios se 

asocian a peores resultados oncológicos a largo plazo. 

 En el capítulo 9 se detalla un estudio observacional “Mu opioid receptor 1 

(MOR1) expression in colorectal cancer and disease-free survival relationship 

(Morocco). Five-year follow-up”. Se incluyeron  174 pacientes. La expresión de 

MOR1 estaba aumentada en el tumor con respecto al tejido sano adyacente, 

pero no se relacionó con una menor supervivencia libre de enfermedad 

(disease free survival-DFS) o con la supervivencia global (overall survival). De 

modo que, aunque hay un aumento de la expresión de receptor opioide mu tipo 

1 (MOR1) en el tejido tumoral, no podemos confirmar la hipótesis ya que no se 

asocia a una menor supervivencia libre de enfermedad.   

 

Aunque hay múltiples evidencias de investigación básica en las que se asocia 

de manera general el uso de opioides con inmunosupresión y se demuestra un 

aumento de la expresión de MOR 1 en el tejido tumoral, en el contexto clínico 

del cáncer colorrectal no es posible asociar el uso perioperatorio de fármacos 

opioides con una menor supervivencia libre de enfermedad. De manera que no 

hay evidencia que sustente la retirada de los fármacos opioides como pilar 

fundamental en la analgesia multimodal de los pacientes oncológicos con 

cáncer colorrectal sometidos a un procedimiento quirúrgico.   
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En medicina perioperatoria en el paciente oncológico:  

 

1. La colaboración multidisciplinar a través de una estrategia 

individualizada de presión del neumoperitoneo en cirugía laparoscópica 

colorrectal permite disminuir la presión intraabdominal manteniendo 

adecuadas condiciones quirúrgicas. 

2. Una estrategia individualizada de presión del neumoperitoneo en cirugía 

laparoscópica colorrectal se asocia a una recuperación más rápida 

reportada por el paciente. 

3. Una estrategia individualizada de presión del neumoperitoneo permite 

disminuir la “driving pressure” del sistema respiratorio.  

4. Una estrategia orientada a igualar los niveles de PEEP a los niveles de 

presión intraabdominal del neumoperitoneo previene el aumento en la 

“driving pressure” transpulmonar y del sistema respiratorio en cirugía 

laparoscópica. 

5. La presión intraabdominal del neumoperitoneo en los rangos habituales 

utilizados en cirugía laparoscópica tiene una relación no lineal con el 

volumen intraabdominal alcanzado y una relación lineal con las 

presiones de vía aérea. 

6. Un manejo óptimo del bloqueo neuromuscular (monitorización 

cuantitativa y reversión farmacológica) no se asocia a menores 

complicaciones postoperatorias en programas de recuperación 

intensificada en cirugía colorrectal.   

7. El uso de fármacos opioides en la analgesia multimodal perioperatoria 

de los pacientes oncológicos con cáncer colorrectal no se relaciona con 

una disminución de la supervivencia libre de enfermedad.   
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empresas del IIS La Fe (UCIE IIS La Fe) - AVI2019 
Entidad financiadora: AGENCIA VALENCIANA DE LA INNOVACION (AVI) 
Investigador principal: SÁNCHEZ SALVO, SILVIA  

Fecha Inicio: 01/01/2019 - Fecha Fin: 31/12/2019  

Cantidad concedida: 250.000,00 €  

 

Título del proyecto: Pataforma ISCIII de soporte para investigación clínica. Entidad 
financiadora: INSTITUTO DE SALUD CARLOS III (ISCIII)  

Investigador principal: VENTO TORRES, MÁXIMO 
Fecha Inicio: 01/01/2021 - Fecha Fin: 31/12/2023  

Cantidad concedida: 297.000,00 €  

 

Título del proyecto: Puesta al día en Anestesia, Reanimación y Terapéutica del dolor 
pediátrica y del adulto. 
Entidad financiadora: MARCOM MEDICA, SL 
Investigador principal: ARGENTE NAVARRO, MARÍA PILAR  

Fecha Inicio: 22/10/2018 - Fecha Fin: 21/10/2023  

Cantidad concedida: 2.000,00 €  

 

Título del proyecto: MODIFICACIONES DE LA PRESIÓN DE DISTENSIÓN 
TRANSPULMONAR CON LA PRESIÓN INTRAABDOMINAL A DIFERENTES 
NIVELES DE PEEP EN CIRUGÍA LAPAROSCÓPICA. 
Entidad financiadora: Propio Grupo  

Investigador principal: MAZZINARI, GUIDO  

Fecha Inicio: 17/01/2017 - Fecha Fin: 17/01/2022  

 

Título del proyecto: APLICACIÓN DE VENTILACIÓN BIPULMONAR CON TUBO 
SIMPLE Y NEUMOTÓRAX ARTIFICIAL PARA LA REALIZACIÓN DE 
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ESOFAGUECTOMÍAS TORACOSCÓPICAS EN DECÚBITO PRONO. 
Entidad financiadora: IIS LAFE  

Investigador principal: Begoña Ayas Montero  

Fecha Inicio: 15/06/2015 - Fecha Fin: 14/06/2017  

 

Título del proyecto: DIFUSION DEL ANESTESICO LOCAL EN EL ESPACIO 
PARAVERTEBRAL TORACICO TRAS BLOQUEO PARAVERTEBRAL: ESTUDIO 
CON TOMOGRAFIA COMPUTERIZADA CONE BEAM 
Entidad financiadora: FUNDACION PARA LA INVESTIGACION DEL HOSPITAL 
UNIVERSITARIO LA FE DE LA COMUNIDAD VALENCIANA INSTITUTO DE 
INVESTIGACIÓN SANITARIA LA FE  

Investigador principal: Nuria García Gregorio  

Fecha Inicio: 15/06/2015 - Fecha Fin: 14/06/2017  

 

Título del proyecto: EVALUACION DE LOS NIVELES PLASMATICOS DE HEPCIDINA 
EN PACIENTES CON ANEMIA FERROPENICA Y CANCER COLORRECTAL 
Entidad financiadora: FUNDACION PARA LA INVESTIGACION DEL HOSPITAL 
UNIVERSITARIO LA FE DE LA COMUNIDAD VALENCIANA INSTITUTO DE 
INVESTIGACIÓN SANITARIA LA FE  

Investigador principal: Maria Vila Montañes  

Fecha Inicio: 15/06/2015 - Fecha Fin: 14/06/2017  

 

Título del proyecto: VALORACION DE LA EFICACIA ANALGESICA DEL BLOQUEO 
SERRATO FRENTE A ANALGESIA CONVENCIONAL EN CIRUGIA DE MAMA 
Entidad financiadora: FUNDACION PARA LA INVESTIGACION DEL HOSPITAL 
UNIVERSITARIO LA FE DE LA COMUNIDAD VALENCIANA INSTITUTO DE 
INVESTIGACIÓN SANITARIA LA FE  

Investigador principal: Guido Mazzinari 
Fecha Inicio: 15/06/2015 - Fecha Fin: 14/06/2017  

Cantidad concedida: 3.865,62 €  

 

Título del proyecto: APLICACIÓN DE VENTILACIÓN BIPULMONAR CON TUBO 
SIMPLE Y NEUMOTÓRAX ARTIFICIAL PARA LA REALIZACIÓN DE 
ESOFAGUECTOMÍAS TORACOSCÓPICAS EN DECÚBITO PRONO 
Entidad financiadora: Propio Grupo  

Investigador principal: AYAS MONTERO, BEGOÑA  
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Fecha Inicio: 09/06/2015 - Fecha Fin: 09/06/2020  

 

 

Título: ESTUDIO OBSERVACIONAL PROSPECTIVO DEL MANEJO 
PERIOPERATORIO DE LOS ANTICOAGULANTES ORALES DIRECTOS. 
Inv. Principal/Servicio: Ma Salomé Matoses Jaén - María Consuelo García Cebrián 
Promotor: FUNDACIÓN PARA LA INVESTIGACIÓN DEL HOSPITAL CLÍNICO DE LA 
COMUNIDAD VALENCIANA (INCLIVA)  

Fecha de inicio: 02/05/2014 Fecha de fin:30/01/2018  

 

Título: EVALUACIÓN DE LOS NIVELES PLASMÁTICOS DE HEPCIDINA EN 
PACIENTES CON ANEMIA FERROPÉNICA Y CÁNCER COLORECTAL. 
Inv. Principal/Servicio: María Vila Montañes 
Promotor: MARIA VILA MONTAÑÉS. SERVICIO ANESTESIA Y REANIMACIÓN. 
HOSPITAL LA FE DE VALENCIA.  

Fecha de inicio: 11/06/2015 Fecha de fin:11/10/2015  

 

Título: DIFUSIÓN DEL ANESTÉSICO LOCAL EN EL ESPACIO PARAVERTEBRAL 
TORÁCICO TRAS BLOQUEO PARAVERTEBRAL: ESTUDIO CON TOMOGRAFÍA 
COMPUTERIZADA CONE BEAM. 
Inv. Principal/Servicio: Nuria Garcia Gregorio  

Promotor: NURIA GARCÍA GREGORIO. SERVICIO DE ANESTESIOLOGÍA, 
REANIMACIÓN Y TERAPÉUTICA DEL DOLOR, HUP LA FE 
Fecha de inicio: 19/05/2015 
Fecha de fin:01/12/2015  

 
 

  

286



Conclusiones 

 

 

Título del proyecto: Trocar multisensor para cirugía laparoscópica con presión de 
pneumoperitoneo individualizada 
Entidad financiadora: AGENCIA VALENCIANA DE LA INNOVACION (AVI) 
Investigador principal: DÍAZ CAMBRONERO, OSCAR  

Fecha Inicio: 01/08/2018 - Fecha Fin: 31/12/2018  

Cantidad concedida: 55.000,00 €  

 

Título del proyecto: Sistema Endoscópico Inteligente. Sistema integral para cirugía 
endoscópica individualizada de bajo impacto 
Entidad financiadora: INSTITUTO DE SALUD CARLOS III (ISCIII) 
Investigador principal: DÍAZ CAMBRONERO, OSCAR  

Fecha Inicio: 01/01/2021 - Fecha Fin: 31/12/2022  

Cantidad concedida: 145.068,00 €  

 

PCT NºPCT/EP2020/075580. Título: SISTEMA MODULAR PARA LA 
MONITORIZACIÓN Y CONTROL DE LA HOMEOSTASIS EN CAVIDADES Y 
MÉTODO DE GENERACIÓN DE VOLUMEN DE FLUIDO EN UNA CAVIDAD. 
Fecha de prioridad: 12 Septiembre 2019 

 
 
De modo que podemos decir que la línea de investigación de Medicina 

Perioperatoria no muere con esta tesis, sino que contagia de energía a todo el 

que participa, y expande el concepto de la Anestesiología y Reanimación como 

eje vertebrador de la asistencia integral al paciente quirúrgico a través de la 

Medicina Perioperatoria.  
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Información de los autores. 
 

Filiación, autoría y conflicto de intereses. 
  



 

 



Anexo I 

 

 
La publicación de la tesis “Medicina Perioperatoria individualizada en cirugía 

oncológica “como compendio de publicaciones ha sido posible gracias a la 

contribución de numerosos autores. A continuación, se adjunta información 

sobre la filiación, contribución a cada uno de los artículos y conflicto de 

intereses de cada uno de ellos, tal y como aparece en las publicaciones. 

Hospital Universitario y Politécnico la Fe, Valencia, Spain 

Department of Anaesthesiology and Intensive Care 

Instituto de Investiagacion Sanitaria la Fe, Valencia, Spain 

Research Group in Perioperative Medicine  

Hospital Universitario y Politécnico la Fe, Valencia, Spain 

Department of Anaesthesiology and Intensive Care 

Instituto de Investiagacion Sanitaria la Fe, Valencia, Spain 

Research Group in Perioperative Medicine  

Hospital Universitario y Politécnico la Fe, Valencia, Spain 

Department of Anaesthesiology and Intensive Care 

Instituto de Investigacion Sanitaria la Fe, Valencia, Spain 

Research Group in Perioperative Medicine  

Policlinico San Martino Hospital – IRCCS for Oncology and Neurosciences, 

Genoa, Italy. 

University of Genoa Italy 

Department of Surgical Sciences and Integrated Diagnostics 
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Hospital Universitario y Politécnico la Fe, Valencia, Spain 

Department of Anaesthesiology and Intensive Care 

Instituto de Investigacion Sanitaria la Fe, Valencia, Spain 

Research Group in Perioperative Medicine  

 

MD Anderson Cancer Center, Houston, TX, USA. 

Anesthesia and Oncology research group 

 

Hospital Universitario y Politécnico la Fe, Valencia, Spain 

Department of Anaesthesiology and Intensive Care 

Instituto de Investigacion Sanitaria la Fe, Valencia, Spain 

Research Group in Perioperative Medicine  

EuroPeriscope, Brussels, Belgium 

EU-COST Action 15204 

Instituto de Investigación Sanitaria INCLIVA, Valencia, Spain 

Hospital Clinico Universitario, Valencia, Spain 

Department of Oncology 

EuroPeriscope, Brussels, Belgium 

EU-COST Action 15204 

Consorcio Hospital General Universitario, Valencia, Spain 

Department of Anaesthesiology 

Hospital Universitario y Politécnico la Fe, Valencia, Spain 

Department of Colorectal Surgery 
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Technische Universität Dresden, Dresden, Germany 

Department of Anesthesiology and Intensive Care Therapy, Pulmonary 

Engineering Group 

Hospital Universitario y Politécnico la Fe, Valencia, Spain 

Department of Anaesthesiology and Intensive Care 

Instituto de Investigacion Sanitaria la Fe, Valencia, Spain 

Research Group in Perioperative Medicine  

Hospital Universitario y Politécnico la Fe, Valencia, Spain 

Department of Pathology 

Hospital Universitario y Politécnico la Fe, Valencia, Spain 

Department of Heptaobilopancreatic Surgery 

Hospital Universitario y Politécnico la Fe, Valencia, Spain 

Department of Heptaobilopancreatic Surgery 

 

Instituto de Investiagacion Sanitaria la Fe, Valencia, Spain 

Research Group in Perioperative Medicine  

Hospital Universitario Virgen Macarena, Sevilla, Spain: 

Department of Anaesthesiology 

Hospital General Universitario Gregorio Marañón, Madrid, Spain: 

Department of Anaesthesiology 
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Policlinico San Martino Hospital – IRCCS for Oncology and Neurosciences, 

Genoa, Italy. 

University of Genoa Italy 

Department of Surgical Sciences and Integrated Diagnostics 

Hospital General Universitario de Castellón, Castellón, Spain: 

Department of Anaesthesiology 

Hospital l’Horta Manises, Valencia 

Department of Anaesthesiology 

Hospital Universitario y Politécnico la Fe, Valencia, Spain 

Department of Anaesthesiology and Intensive Care 

Instituto de Investiagacion Sanitaria la Fe, Valencia, Spain 

Research Group in Perioperative Medicine  

Hospital General Universitario de Elche, Alicante, Spain 

Department of Digestive Surgery 

 

Hospital Israelita Albert Einstein, São Paulo, Brazil 

Department of Critical Care Medicine 

Instituto do Coração, Hospital das Clinicas HCFMUSP, Faculdade de Medicina, 

Universidade de Sao Paulo, Sao Paulo, Brazil 

Cardio-Pulmonary Department, Pulmonary Division 

Academic Medical Center, Amsterdam, The Netherlands 

Department of Intensive Care & Laboratory of Experimental Intensive Care and 

Anesthesiology (L·E·I·C·A). 
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Academic Medical Center, Amsterdam, The Netherlands 

Department of Intensive Care & Laboratory of Experimental Intensive Care and 

Anesthesiology (L·E·I·C·A). 

Mahidol University, Bangkok, Thailand 

10Mahidol–Oxford Tropical Medicine Research Unit (MORU) 

University of Oxford, Oxford, UK 

11Nuffield Department of Medicine 

 

Hospital Universitario y Politécnico la Fe, Valencia, Spain 

Research Group in Perioperative Medicine  

Department of Anaesthesiology and Intensive Care 
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Capítulo 2. 
 
A multifaceted individualized pneumoperitoneum strategy for 
laparoscopic colorectal surgery: a multicenter observational feasibility 
study.  
Díaz-Cambronero O, Flor Lorente B, Mazzinari G, Vila Montañes M, García 

Gregorio N, Robles Hernandez D, Olmedilla Arnal LE, Argente Navarro MP, 

Schultz MJ, Errando CL; IPPColLapSe study group et al. Surg Endosc. 2019 

Jan;33(1):252-260.  

doi: 10.1007/s00464-018-6305-y. Epub 2018 Jun 27. PMID:29951750  

Q1 IF 3.12 
 
Author contributions: O.D.C: Study design, acquisition, analysis and 

interpretation of data, drafting and revision of paper. B.F.L: Study design, 

acquisition, analysis and interpretation of data, drafting and revision of paper. 

G.M: Study design, analysis and interpretation of data, drafting and revision of 

paper. M.V.M: Study design, acquisi- tion and interpretation of data, and 

revision of paper. N.G.G: Study design, acquisition and interpretation of data, 

and revision of paper. D.R.H: Study design, acquisition and interpretation of 

data, and revi- sion of paper. L.E.O.A: Study design, acquisition and 

interpretation of data, and revision of paper. M.P.A.N: Study design, 

interpretation of data, and revision of paper. M.J.S: Analysis and interpretation 

of data, drafting and revision of paper. C.L.E.O: Study design, analysis and 

interpretation of data, drafting and revision of paper.  

Funding Support: was provided solely from institutional and/or departmental 

sources.  

Compliance with Ethical Standards: Oscar Diaz-Cambronero 

(oscardiazcambronero@gmail. com) has received speakers’ fees and honoraria 

from Merck Sharp & Dohme for lectures (approximately amount: 8.000 euros) 

and also received a research grant from Merck Sharp & Dohme of 80.000 euros 

not related to this study. Blas Flor Lorente (blasflor@hotmail.com) has received 

speakers’ fees and honoraria from Merck Sharp & Dohme for lectures 

(approximately amount: 3.000 euros). Guido Mazzinari 
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(gmazzinari@gmail.com) declares no competing interests. Maria Vila Montañes 

(mvilamontanes@yahoo.es) declares no competing interests. Nuria Garcia 

Gregorio (nuriagcia6@gmail.com) declares no competing interests. Daniel 

Robles Hernandez (drobher@gmail.com) declares no competing interests. Luis 

Enrique Olmedilla Arnal (lolmedilla@gmail. com) declares no competing 

interests. Maria Pilar Argente Navarro (argente_marnav@gva.es) has received 

speakers’ fees and honoraria for lectures from Merck Sharp & Dohme 

(approximately amount: 1.000 euros). Marcus J. Schultz 

(marcus.j.schultz@gmail.com) declares no competing interests. Carlos L. 

Errando (errando013@gmail.com) has received speakers’ fees and honoraria 

for lectures from Merck Sharp & Dohme (approximately amount: 1.000 euros).  
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Capítulo 3. 
 
An individualised versus a conventional pneumoperitoneum pressure 
strategy during colorectal laparoscopic surgery: rationale and study 
protocol for a multicentre randomised clinical study.  

O. Diaz-Cambronero, G. Mazzinari, C. L. Errando, M. J. Schultz, B. Flor 

Lorente, N. García-Gregorio, M. Vila Montañés, Daniel Robles-Hernández, L. E. 

Olmedilla Arnal, A. Martín-De-Pablos, A. Marqués Marí, M. P. Argente Navarro 

and for the IPPCollapse-II study group. doi: 10.1007/s00464-018-6305-y. Epub 

2018 Jun 27. PMID: 29951750  

Q1 IF 3.12 
 

  

Díaz-Cambronero O, Mazzinari G, Errando CL, Schultz MJ, Lorente BF, 

García-Gregorio N, Montañés MV, Robles-Hernández D, Arnal LEO, Martín-De-

Pablos A, Marí AM, Navarro MPA 

et al Trials. 2020 Jan 13;21(1):70.  

doi: 10.1186/s13063-020-4055-3. PMID: 31931888 

Q1 IF 2.00 
 
Author contributions: Oscar Diaz Cambronero, Guido Mazzinari, Carlos Luis 

Errando and Marcus Josepus Schultz designed the study, are on the Steering 

Committee and drafted and revised the manuscript. Blas Flor Lorente, Nuria 

García-Gregorio, Maria Vila Montañés, Daniel Robles-Hernández, Luis 

Olmedilla Arnal, Angel Martín-De-Pablos, Anabel Marqués Marí, Maria Pilar 

Argente Navarro designed the study and drafted and revised the manuscript; All 

authors read and approved the final manuscript. 
Funding Support: This is an investigator-initiated study in which the sponsors 

and funders have no roles in study design, analysis of data and reporting. This 

work was supportedby Merck Sharp & Dohme (grant number #53607; 

$109,672). The Health Research Institute of the Hospital Universitari i Politècnic 
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La Fe, Valencia, Spain, is the sponsor of this study. The Ministry of Economy 

and Competitiveness, the Carlos III Health Institute and the National 

Investigation/ Development/Innovation Plan fund the platform for the Clinical 

Research and Clinical Trials Units of the Health Research Institute of the 
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Effect of an Individualized vs Standard Pneumoperitoneum Pressure 
Strategy on Postoperative Recovery – a randomized clinical trial in 
laparoscopic colorectal surgery.  
Diaz-Cambronero,O, Mazzinari G, Flor Lorente B, Robles-Hernández D, 

Olmedilla Arnal LE, Martín-DePablos A, Schultz MJ, Errando CL, Argente 

Navarro MP, for the IPPCollapse-II study group. Br J Surg. 2020 
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doi: 10.1002/bjs.11736. Epub 2020 Jun 7. PMID: 32506481 

Q1 IF 5.02 
 
Author response to: Comment on: Effect of an individualized versus 
standard pneumoperitoneum pressure strategy on postoperative 
recovery: a randomized clinical trial in laparoscopic colorectal surgery. 

 Br J Surg. 2020 Nov;107(12): e630-e631.  

doi: 10.1002/bjs.11932. Epub 2020 Sep 21. PMID: 32964433 

Q1 IF 5.02 
 
Author contributions: O.D-C. and G.M. contributed equally to this work. The 

sponsors and funders had no role in the study design, analysis of data or 

reporting. 

Funding Support: Merck Sharp & Dohme funded this investigator-initiated 
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trial data monitoring and oversees pharmacovigilance.  
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authors declare no other conflict of interest.  
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