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Article history: Introduction: Compliance to ERAS protocols is a process quality measure that is associated
Received 10 March 2020 with better outcomes. The main objective of this study is to analyze the association between
Accepted 5 May 2020 protocol compliance, surgical stress and functional recovery. The secondary objective is to
Available online 5 February 2021 identify independent factors associated with functional recovery.

Methods: A prospective observational single-center study was performed. Patients who had
Keywords: scheduled colorectal surgery within an ERAS program from January 2017 to June 2018 were
Enhanced recovery included. We analyzed the relationship between protocol compliance percentage and
Functional recovery surgical stress (defined by C-reactive protein [CRP]| blood levels on postoperative 3rd
Surgical stress day), and functional recovery (defined by the proportion of patients who met the discharge
Protocol compliance criteria on the 5th PO day or before). Multivariate analysis was performed to assess
Colorectal surgery independent factors associated with functional recovery.

Results: 313 patients were included. For every additional percentage point of compliance to
the protocol 3rd day, C-reactive protein plasma level decreased 1.46 mg/dL and the proba-
bility to meet the discharge criteria increased 7% (P < .001 both). Independent factors
associated with functional recovery were ASA III-IV (OR 0.26; 0.14-0.48), surgical CR-
POSSUM score (OR 0.68; 0.57—0.83), early mobilization (OR 4.22; 1.43—12.4) and removal
of urinary catheter (OR 3.35; 1.79-6.27), P < .001 each.
Conclusion: Better compliance with ERAS protocol in colorectal surgery decreases surgical
stress and accelerates functional recovery.
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Impacto del grado de cumplimiento de un protocolo ERAS en la
recuperacion funcional después de cirugia colorrectal

RESUMEN

Introduccion: El grado de cumplimiento de los protocolos de Enhanced Recovery After Surgery
(ERAS) es una medida de calidad del proceso, que ademas se asocia a mejores resultados. E1
objetivo del presente estudio es analizar la relacién existente entre el grado de cumpli-
miento del protocolo, el estrés quirdrgico y la recuperacién funcional. Se plantea como
objetivo secundario, la identificacién de factores independientes asociados a la recupera-
cién funcional.

Metodos: Estudio retrospectivo observacional unicéntrico de pacientes sometidos a cirugia
colorrectal programada dentro de un programa ERAS entre enero de 2017 y junio de 2018. Se
analizé el grado de cumplimiento del protocolo porcentual y su relacién con el estrés
quirargico (definido por los niveles plasmaticos de proteina C reactiva al tercer dia), y la
recuperacién funcional (definida por el cumplimiento de los criterios de alta el quinto dia
postoperatorio o antes). Se llev6 a cabo un andlisis multivariante de factores independientes
asociados a recuperacién funcional.

Resultados: Se analizaron 313 pacientes. Por cada punto porcentual de cumplimiento adi-
cional del protocolo disminuye 1,46 mg/dL la proteina C reactiva del tercer dia y aumenta un
7% la probabilidad de cumplir criterios de alta (p < 00,1 ambos). Los factores asociados a
recuperacién funcional fueron ASA III-IV (OR 0,26; 0,14-0,48), puntuacién CR-POSSUM
quirtrgico (OR 0,68; 0,57-0,83), movilizacién precoz (OR 4,22; 1,43-12,4) y retirada precoz
de sonda vesical (OR 3,35; 1,79-6,27), todos ellos p < 0,001.

Conclusion: El aumento del grado de cumplimiento del protocolo ERAS en cirugia colorrectal,

disminuye el estrés quirargico y acelera la recuperacién funcional.

© 2020 AEC. Publicado por Elsevier Espafia, S.L.U. Todos los derechos reservados.

Introduction

ERAS programs incorporate a series of evidence-based
strategies aimed at reducing the stress triggered by surgery
and increasing functional recovery. This implies a reduction in
postoperative complications and hospital stay, which thereby
reduces healthcare costs.’™

Itis necessary to monitor the degree of compliance with the
different strategies, not only to assess their quality and
identify points for improvement, but because the degree of
compliance with the program influences the results.’

The impact of the degree of compliance with the programs
on hospital stay and postoperative complications has been
widely studied."** However, few studies have analyzed the
impact on surgical stress and functional recovery in an
isolated manner.*® This is the first study to analyze the impact
of the degree of compliance on both surgical stress and
functional recovery.

The secondary objective is to identify the independent
factors associated with functional recovery.

Methods

Study design. Patients who underwent elective colorectal
surgery from January 2017 to June 2018 were retrospectively
identified within a prospective database at a single institution,
the Hospital Universitario Puerta de Hierro de Majadahonda
(HUPHM).

All patients followed an ERAS protocol prepared by a
multidisciplinary team (anesthetists, surgeons, nurses, reha-
bilitators, and nutritionists), based on current guidelines and
adapted to the specific characteristics of said hospital.”® Only
two strategies included in the aforementioned protocol differ
from the guidelines: all patients underwent preoperative
respiratory physiotherapy instead of physical pre-habilitation
and received mechanical colon preparation along with oral
antibiotic therapy.

Objective discharge criteria were established by consensus
and assessed on the 5th postoperative day (Table 1).

After approval by the Ethics Committee, the study was
conducted according to the STROBE recommendations for
observational studies and the principles of the Declaration of
Helsinki.

A team was established of four anesthetists and six
surgeons.

Inclusion and exclusion criteria. The inclusion criteria were: (1)
scheduled colorectal surgery with abdominal approach; (2)
signed consent form for data collection; and (3) not meeting
exclusion criteria of the ERAS protocol: emergency surgeries,
patients under 18 years of age or dependents, or patients with
type I diabetes.

The exclusion criteria were: (1) transanal surgery; (2) lack of
signed informed consent; and (3) meeting any exclusion
criteria of an ERAS program.

Variables studied. All the variables collected were extracted
from the patients’ medical records and the computerized
anesthesia chart (registered with the Piscis® and Selene®
programs). Demographic characteristics were recorded, such
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Table 1 - ERAS HUPHM protocol.

Perioperative strategies of the ERAS HUPHM protocol
Preoperative
ERAS information and advice about healthy habits
Nutritional optimization
Optimization of the hernia
Preparation intestinal and oral antibiotic therapy
Carbohydrate drinks before surgery
Preoperative respiratory physiotherapy

Intraoperative

Antibiotic prophylaxis (30 min before surgical incision and repetition after half half-life of the antibiotic)

Minimally invasive surgery

Analgesia protocol (epidural in open surgery and TAP nerve block —blockade of the transverse abdominal plane— in laparoscopy)
Multimodal and preventive analgesia (use of more than three adjuvant drugs: gabapentin, dexamethasone, lidocaine and/or magnesium)

Restrictive fluid therapy/ goal-directed fluid therapy
Normothermia

Postoperative prophylaxis for nausea and vomiting according to Apfel

No placement of nasogastric tube
No placement of surgical drains

Postoperative
Early oral tolerance
Early mobilization
Early withdrawal of urinary catheter
Early withdrawal of fluid therapy

Glycemia control (<120 mg/dL patients without diabetes and <150 mg/dL in diabetic patients)
Prophylaxis of deep vein thrombosis (preoperative dose of low-molecular-weight heparin [LMWH], gradual compression stockings and

extended treatment [28 days] with LMWH).

Discharge criteria of the ERAS HUPHM protocol (to assess on the 5% postoperative day)

Controlled pain with oral analgesia
Walking

Correct intestinal transit (feces and/or gas, absence of nausea, tolerance of solids)

Completed self-care of stoma
C-reactive protein plasma levels (CRP) <50 mg/dL
Desire to go home

as ASA anesthetic risk, CR-POSSUM prognostic index, and
surgical variables (Table 2).

Compliance with each of the 21 strategies that make up the
ERAS HUPHM program was registered (Table 1), and compliance
was considered 100% if all 21 were met. In order to compare the
results with other series, we considered that colon surgery after
bowel preparation did not comply with this strategy (as
established by the ERAS Society guidelines).? The strategy carried
out in the first 24 postoperative hours was defined as early.

As a marker of surgical stress and functional recovery, we
used plasma C-reactive protein (CRP) levels on the third
postoperative day, and compliance with discharge criteria on
or before the fifth day, respectively.®'® Postoperative com-
plications were defined and organized according to the
Clavien-Dindo (CD) classification (any situation that deviates
from the normal postoperative period).'*

Hospital stay and readmission were recorded in the 30 days
following discharge.

Statistical analysis

Categorical variables are expressed in absolute and relative
frequencies, and numerical variables as mean and standard
deviation (SD) or median and P25-P75, according to com-
pliance with the assumption of normality (Shapiro-Wilk test).

Several multivariate regression models were performed.
With the independent variable ‘compliance with the protocol’,

two linear regressions were done with the dependent
variables ‘plasma CRP levels on the third day’ and ‘hospital stay’.
Likewise, three logistic regression models were created with
the dependent variables ‘had no complications’, ‘met discharge
criteria’ and ‘readmission’. It was confirmed that there was no
collinearity and the significance level was set at 0.05.

For the study of independent factors, all clinically relevant
variables were included in the multivariate logistic regression
analysis, and significant variables were included in the
univariate analysis. Only postoperative variables were inclu-
ded up to day one, because it could not be determined whether
they are indicators or predictors of functional recovery.

In cases with multiple comparisons, the Bonferroni
correction was used.

The association between laparoscopic surgery and func-
tional recovery was studied with the chi-squared test.

Data analysis was performed with the Stata 15.1®
statistical package (StataCorp 2017, Stata Statistical Software:
Release 15; College Station, TX: StataCorp LLC).

Results

During the study period, 322 patients were treated surgically.
Nine transanal surgeries were excluded, and 313 patients were
included in the study, whose characteristics are found in
Table 2.
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Table 2 - Demographic variables, surgical variables, and

compliance of the ERAS HUPHM protocol strategies,
according to the ERAS Society guidelines”:®

ERAS (n = 313)
Demographic variables
Age (yrs) (mean + SD) 65.0 + 13.0
Sex, n (%)
Female 122 (39.0)
Male 191 (61.0)
Body mass index (mean + SD) 26.4 + 4.5
ASA anesthesia risk, n (%)
I-II 226 (72.2)
M-IV 87 (27.8)
Prognostic index of CR-POSSUM, median (P25-P75)
Physiological 9 (7-10)
Surgical 7 (7-8)
Surgical variables
Type of surgery, n (%)
Colon 235 (75.1)
Rectal 78 (24.9)
Cause of surgery, n (%)
Oncological 267 (85.3)
EII 29 (9.3)
Diverticulitis 10 (3.2)
Other 7 (2.2)
Minimally invasive surgery, n (%) 216 (69.0)
Conversion, n (%) 34 (10.9)
Drain placement, n (%) 61 (19.5)
Duration of surgery (min) median (P25-P75) 180 (125—239)

Global protocol compliance, median (P25-P75) 82.4 (73.7—89.5)

Preoperative strategies, n (%)

Information 313 (100)
Nutritional optimization 37 (97.4)

Preoperative physiotherapy 215 (68.7)
Optimization of anemia 66 (51.6)

Meets preparation criteria 52 (16.8)

Carbohydrate drinks 268 (86.8)

Intraoperative strategies, n (%)
Correct antibiotic prophylaxis 303 (97.4)
Minimally invasive surgery 216 (69.0)
Adequate regional nerve block 254 (81.4)
Analgesia multimodal 294 (93.9)
No placement of nasogastric tube 306 (98.1)
No drains 252 (81.5)
Restrictive fluid therapy/goal-directed fluid therapy 285(97.7)
Normothermia 302 (97.6)
Prophylaxis for nausea and vomiting 271 (88.0)
according to the Apfel scale
Postoperative strategies, n (%)

Early oral tolerance 289 (92.3)
Early mobilization 271 (87.7)
Early withdrawal urinary catheter 225 (71.9)
Control of glycemia 200 (64.5)
Early withdrawal of fluid therapy 223 (74.3)
Prophylaxis for deep vein thrombosis 300 (96.8)

Table 2 shows the degree of compliance with each of the
strategies of the protocol used. High overall compliance stood out
at 82.4% (52.9; 100). The strategies with less than 70% compliance
were preoperative physiotherapy, anemia optimization, meeting

Table 3 - Biochemical results, complications and post-

operative evolution.

ERAS (n = 313)

CRP plasma levels (mg/dL) (mean =+ SD)

PCR 1 51.6 (26-79.9)
PCR 3 54.4 (26.4—106)
PCR 5 31.1 (15-87.3)
Patients without complications, n (%) 114 (36.4)
Patients with complications, n (%) 199 (63.6)
Complications CDI 166 (53.0)
Complications CDII 88 (28.1)
Complications CDIII 22 (7.0)

CD Illa 10 (3.2)

CD Illb 20 (6.4)
Complications CDIV 13 (4.2)
Complications CDV 2 (0.6)

Duration of hospital stay, median (P25-P75) 6 (5-11)

Meets criteria for discharge on day 5, n (%) 162 (51.9)
Discharge day 5, n (%) 126 (40.3)
Readmission, n (%) 16 (5.1)

CRP: C-reactive protein.

criteria for mechanical colon preparation, and postoperative
glycemic control.

Mean postoperative CRP levels were less than 60 mg/dL on
days one, three and five (Table 3).

Postoperative complications were observed in 63.6% of the
patients, the most frequent of which were type I complications
(53%). The median hospital stay was six days, and 51.9% of
patients reached the discharge criteria on the fifth day or
earlier. However, only 40.3% were discharged on the fifth day
(representing 75.9% of the patients who met discharge criteria)
(Table 3).

The readmission rate was 5.1%. The most frequent causes
of readmission were the need for intravenous antibiotic
therapy due to surgical site infection or problems related to
the ileostomy.

The univariate analysis demonstrated that, for each
additional percentage point of compliance, the CRP on the
third day decreased by 2.38 mg/dL (95%CI -3.15; -1.61, P < .001)
(adjusted to the CRP from day one) and the probability of
meeting discharge criteria dropped by 8% (OR 1.08, 95%CI 1.05;
1.1, P < 00.1). Also, the probability of not having complications
increased by 5% (OR 1.05, 95%CI 1.02; 1.07, P < .001), and the
hospital stay was reduced by 0.37 days (95% CI -0.43; -0.22,
P < .001) (Table 4).

In the maximum model, ASA I-II were associated with an
almost four times greater chance of meeting the discharge
criteria. For each point less on the surgical CR-POSSUM scale,
there was a 32% greater chance of meeting criteria; early
mobilization and removal of the urinary catheter were
associated with a 4.22- and 3.35-times greater probability of
meeting discharge criteria, respectively (Table 5).

Functional recovery was achieved in 60.9% of the patients
who underwent laparoscopy and 32.0% of those who under-
went open surgery (P < .001).

The nomogram in Fig. 1 was used to calculate the
probability of a patient to meet discharge criteria on or before
the fifth day.
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Table 4 - Univariate analysis of results.

Crude analysis Adjusted analysis
Variable OR (IC 95%) P OR (IC 95%)™" P value
CRP day 3 —2.38 (—3.15; —1.61)* <0.001 —1.35 (—2.41; —0.28)* 0.013
No complications 1.05 (1.02; 1.08) <0.001 1.04 (1.00; 1.08) 0.029
Meets discharge criteria on day 5 1.08 (1.05; 1.11) <0.001 1.07 (1.03; 1.12) 0.001
Hospital stay, days —0.37 (-0.50; —0.25) <0.001 —0.18 (—0.30; —0.06) 0.002
Readmission 0.99 (0.95; —1.04) 0.785 1.03 (0.96; —1.12) 0.406

CRP: C-reactive protein.
* Adjusted to CRP on day one.

** Adjusted to group, age, sex, BMI, ASA type of surgery, cause of surgery, minimally invasive surgery, duration, postoperative stoma.

Table 5 - Multivariate analysis of independent factors associated with meeting discharge criteria on the fifth day or before.

Univariate analysis Multivariate analysis
ERAS n = 313 OR 95%CI P value OR 95%CI P value
Meets discharge criteria on the fifth day
Demographic variables
Age 0.99 0.97-1.00 0.204
Sex 0.81 0.52-1.28 0.374
BMI 0.98 0.93-1.04 0.503
ASA 0.24 0.14-0.41 <0.001" 0.26 0.14-0.48 <0.001
CR-POSSUM, physiological 0.88 0.79-0.97 0.013
CR-POSSUM, surgical 0.63 0.53-0.74 <0.001" 0.68 0.57-0.83 <0.001
Surgical variables
Type of surgery 0.48 0.23-1.02 0.056
Cause of surgery 0.21 0.82—0.53 0.001*
IBD 1.20 0.33-4.34 0.785
Diverticulitis 0.32 0.60-1.67 0.177
Other 0.78 0.35-1.34 0.365
Stoma 0.99 0.99-0.99 <0.001*
Duration of surgery 1.08 0.86—1.35 0.497
ERAS variables
Preoperative information 0.95 0.50-1.80 0.869
Nutritional optimization 1.42 0.88-2.29 0.234
Pre-op respiratory physiotherapy 0.65 0.33-1.32 0.235
Anemia optimization 0.85 0.47-1.54 0.593
Meets preparation criteria 0.86 0.44-1.67 0.662
Carbohydrate drinks 0.44 0.11-1.75 0.245
Antithrombotic prophylaxis 0.35 0.07-1.77 0.205
Correct antibiotic prophylaxis 3.32 2.00-5.51 <0.001*
Minimally invasive surgery 1.49 0.84-2.67 0.170
Adequate regional blockade 1.21 0.48—3.08 0.682
Multimodal analgesia 1.08 0.22-5.49 0.918
No NGT 2.87 1.46-5.62 0.002
No drains 1.45 0.32-6.58 0.633
Restrictive fluid therapy/GDFT 1.43 0.32-6.52 0.64
Normothermia 1.46 0.73-2.91 0.288
NVPO prophylaxis according to Apfel 4.55 1.66-12.53 <0.001"
Early oral tolerance 8.9 3.37-23.49 <0.001"
Early mobilization 1.87 1.11-3.18 0.019* 4.22 1.43-12.4 0.009
Early withdrawal of fluid therapy 5.42 3.10-9.49 <0.001"
Early withdrawal of urinary catheter 1.94 1.21-3.11 0.006 3.35 1.79-6.27 <0.001
Control of glycemia 1.08 1.05-1.11 <0.001

BMI, body mass index; IBD, intestinal bowel disease; NGT, nasogastric tube; GDFT, goal-directed fluid therapy.

* Included in the maximum predictive model for logistic regression.

Discussion

This study shows that greater compliance with an ERAS
protocol in colorectal surgery is not only associated with less
surgical stress and faster functional recovery, but also with a
lower rate of complications and hospital stay. Overall

adherence was high, and ASA I/II, early mobilization and
urinary catheter removal were identified as independent
factors for functional recovery.

Although there are more specific markers of surgical stress,
we used CRP levels due to their high accessibility and their
standard use in the postoperative period of this type of
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Fig. 1 - Nomogram of independent factors in order to meet discharge criteria on the fifth day.

Graphic representation of the maximum model, which allows us to obtain the probability of meeting discharge criteria on
the 5th day, adding the points corresponding to the patient characteristics. For example, one patient with a POSSOM Q
score of 4 (+5 points), and an ASA of III (+0 points), with withdrawal of the urinary catheter on the first day (+4 points) and
early mobilization (+4.5 points) for a total of 13.5 points. This patient has a probability of meeting discharge criteria on the

5th day of 70%.

surgery.'*'?>* We chose the fulfillment of discharge criteria as a
measure of functional recovery, since hospital stay can be
influenced by social issues or the doctor’s preferences. This can
be observed in our cohort, where only 75% of the patients who
met the criteria for discharge were actually discharged. The
evaluation of the criteria for discharge on the 5th postoperative
day may seem late, considering that the guidelines establish
assessing discharge from the 3rd day in colorectal surgery. We
decided to establish it like this in order to strengthen the team’s
confidence in the ERAS program, since it was a team that was not
experienced in working with these protocols.”

The complication rate may seem high compared to other
series that use more restrictive definitions, such as the ACS
NSQIP or the proposal by Lang. Some studies, despite using the
Clavien-Dindo classification, do not even consider nausea and
vomiting or phlebitis complications, despite being recognized
factors for delaying functional recovery.***8

In the descriptive analysis of the cohort, the high degree of
global compliance was notable, ranking above all the series
cited in the article as well as the national average (10% more
than mean global compliance).’ It is especially difficult to
achieve these degrees of compliance with the protocol in
recently started programs (such as ours), where there is
usually an initial adaptation period of low compliance.>?° The
high compliance with intra- and postoperative strategies
reflects a well-designed clinical circuit and a high level of team
commitment, for which the creation of an established team
was essential. The analysis also highlighted the low com-
pliance with the criteria for mechanical preparation of the
colon. While developing the ERAS HUPHM protocol, we
established routine bowel preparation with oral antibiotic
therapy based on articles that had been recently published at
that time, where this strategy was associated with a reduction
of surgical site infection and suture dehiscence rates.”**

The hospital stay of the study is shorter than the national
average (one day less than the average stay for hospitals that
practice ERAS), and the rate of readmission is 50% lower than

in series with similar hospital stays.>'® Furthermore, given
that no readmitted patient has needed to be reoperated or
admitted to the ICU, the discharge criteria seem safe.

Asin other studies, ASA I/II, early mobilization and removal
of the urinary catheter are identified as risk factors for
achieving functional recovery.**° Pelvic surgery (whose
complexity determines the surgical CR-POSSUM) had also
been identified as a risk factor for prolonged stay.>

Laparoscopy is significantly associated with functional reco-
very. However, it is not identified as an independent factor in the
multivariate analysis, since it is explained by the elements that
remain after the analysis. In fact, laparoscopic surgery itself favors
compliance with postoperative strategies that remain indepen-
dent factors, as has already been observed in other studies.”

Despite being a prospective cohort, this study has the
intrinsic limitations of a single-center observational study,
and the sample size may seem insufficient to carry out
regression models due to the high number of predictors
studied. Other limitations are that long-term outcomes (such
as survival), satisfaction ratings, or subjective patient outco-
mes have notbeen included. Strengths of the study include the
use of clear and concise definitions, that the protocol was
designed according to current guidelines, the multivariate
models are adjusted to the main confounding factors
(comorbidities and surgical characteristics) and populations
with a higher risk of associated comorbidity (such as pelvic
surgery or inflammatory bowel disease) have not been
eliminated from the series, which gives it external validity.

In conclusion, increasing compliance with the ERAS protocol in
colorectal surgery reduces surgical stress and increases functional
recovery, in addition to reducing complications and hospital stay.

Funding

This study has received no funding from public, commercial,
or non-profit entities.



114

CIR ESP. 2021;99(2):108-114

Conflict of interests

The authors have no conflict of interests to declare.

Acknowledgements

The authors would like to thank all the doctors, nurses and
nursing assistants involved in any of the steps of the ERAS
program, with special thanks to Ana Royuela for her statistical

analysis.

REFERENCES

10.

11.

. Ban Ka, Berian Jr, Ko Cy. Does implementation of enhanced

recovery after surgery (ERAS) protocols in colorectal surgery
improve patient outcomes? Clin Colon Rectal Surg.
2019;32:109-13. http://dx.doi.org/10.1055/s-0038-1676475.

. Ljungqvist O, Scott M, Fearon KC. Enhanced recovery after

surgery a review. JAMA Surg. 2017;152(3):292-8. http://
dx.doi.org/10.1001/jamasurg.2016.4952.

. ERAS Compliance Group. The impact of enhanced recovery

protocol compliance on elective colorectal cancer resection:
results from an international registry. Ann Surg.
2015;261(6):1153-9. http://dx.doi.org/10.1097/
SLA.0000000000001029.

. Pecorelli N, Hershorm O, Baldini G, Fiore ], Stein B, Liberman A,

et al. Impact of adherence to care pathway interventions on
recovery following bowel resection within an established
enhanced recovery program. Surg Endosc Other Interv Tech.
2017;31(4):1760-71. http://dx.doi.org/10.1007/s00464-016-5169-2.

. Cabellos-Olivares M, Labalde-Martinez M, Torralba M,

Rodriguez-Fraile JR, Atance-Martinez J. C-reactive protein as
a marker of the surgical stress reduction within an ERAS
protocol (Enhanced Recovery After Surgery) in colorectal
surgery: a prospective cohort study. J Surg Oncol.
2018;117:717-24. http://dx.doi.org/10.1002/js0.24909.

. Neville A, Lee L, Antonescu I, Mayo NE, Vassiliou MCFG, et al.

Systematic review of outcomes used to evaluate enhanced
recovery after surgery. Br J Surg. 2014;101(3):159-70. http://
dx.doi.org/10.1002/bjs.9324.

. Nygren ], Thacker ], Carli F, Fearon KCH, Norderval S, Lobo

DN, et al. Guidelines for perioperative care in elective rectal/
pelvic surgery: enhanced recovery after surgery (ERAS®)
society recommendations. World J Surg. 2013;37(2):285-305.
http://dx.doi.org/10.1007/s00268-012-1787-6.

. Gustafsson U, Scott M, Schwenk W, Demartines N, Roulin D,

Francis N, et al. Guidelines for perioperative care in elective
colonic surgery: Enhanced recovery after surgery (ERAS®)
society recommendations. World J Surg. 2013;37(2):259-84.
http://dx.doi.org/10.1007/s00268-012-1772-0.

. Grupo de trabajo. Via Clinica de Recuperacién Intensificada

en Cirugia Abdominal (RICA).Ministerio de Sanidad, Asuntos
Sociales e IgualdadZaragoza http://portal.guiasalud.es/
contenidos/iframes/documentos/opbe/2015-07/
ViaClinica-RICA.pdf2015.

Watt DG, Horgan PG, McMillan DC. Routine clinical markers
of the magnitude of the systemic inflammatory response
after elective operation: a systematic review. Surg (United
States). 2015;157(2):362-80. http://dx.doi.org/10.1016/
j.surg.2014.09.009.

Dindo D, Demartines N, Clavien PA. Classification of surgical
complications: a new proposal with evaluation in a cohort of

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

6336 patients and results of a survey. Ann Surg. 2004;240(2):205—
13. http://dx.doi.org/10.1097/01.s1a.0000133083.54934.ae.

. Veenhof FA, Vlug M, Van Der Pas M, Sietses C, Van Der Peet

D, De Lange-De Klerk E, et al. Surgical stress response and
postoperative immune function after laparoscopy or open
surgery with fast track or standard perioperative care: a
randomized trial. Ann Surg. 2012;255(2):216-21. http://
dx.doi.org/10.1097/SLA.0b013e31824336e2.

Boersema GSA, Wu Z, Menon AG, Kleinrensink GJ, Jeekel J,
Lange JF. Systemic inflammatory cytokines predict the
infectious complications but not prolonged postoperative
ileus after colorectal surgery. Mediators Inflamm.
20187141342. http://dx.doi.org/10.1155/2018/7141342.
Muiioz J, Alvarez MO, Cuquerella V, Miranda E, Picé C, Flores
R, et al. Procalcitonin and C-reactive protein as early
markers of anastomotic leak after laparoscopic colorectal
surgery within an enhanced recovery after surgery ( ERAS)
program. Surg Endosc. 2018;32(0):4003-10. http://dx.doi.org/
10.1007/s00464-018-6144-x.

Miller T, Thacker J, White W, Mantyh C, Migaly J, Jin ], et al.
Reduced length of hospital stay in colorectal surgery after
implementation of an enhanced recovery protocol. Anesth
Analg. 2014;118(5):1052-61. http://dx.doi.org/10.1213/
ANE.0000000000000206.

Lang M, Niskanen M, Miettinen P, Alhava E, Takala J.
Outcome and resource utilization in gastroenterological
surgery. Br J Surg. 2001;88(7):1006-14. http://dx.doi.org/
10.1046/j.0007-1323.2001.01812.x.

Nygren ], Hausel ], Kehlet H, Revhaug A, Lassen K, Dejong C,
et al. A comparison in five European Centres of case mix, clinical
management and outcomes following either conventional or
fast-track perioperative care in colorectal surgery. Clin Nutr.
2005;24(3):455-61. http://dx.doi.org/10.1016/j.clnu.2005.02.003.
Maggiori L, Rullier E, Lefevre ], Régimbeau J, Berdah S, Karoui
M, et al. Does a Combination of laparoscopic approach and
full fast track multimodal management decrease
postoperative morbidity? Ann Surg. 2017;266(5):729-37.
http://dx.doi.org/10.1097/SLA.0000000000002394.
Ripollés-Melchor J, Ramirez-Rodriguez JM, Casans-Francés
R, Aldecoa C, Abad-Motos A, Logrofio-Egea M, et al.
Association between use of enhanced recovery after surgery
protocol and postoperative complications in colorectal
surgery the postoperative outcomes within enhanced
recovery after surgery protocol (POWER) study. JAMA Surg.
2019. http://dx.doi.org/10.1001/jamasurg.2019.0995.

Bakker N, Cakir H, Doodeman H, Houdijk A. Eight years of
experience with enhanced recovery after surgery in patients
with colon cancer: impact of measures to improve
adherence. Surgery. 2015;157(6):1130-6. http://dx.doi.org/
10.1016/j.surg.2015.01.016.

Scarborough JE, Mantyh CR, Sun Z, Migaly J. Combined
mechanical and oral antibiotic bowel preparation reduces
incisional surgical site infection and anastomotic leak rates
after elective colorectal resection: an analysis of colectomy-
targeted ACS NSQIP. Ann Surg. 2015;262(2):331-7. http://
dx.doi.org/10.1097/SLA.0000000000001041.

Toneva G, Deierhoi R, Morris M, Richman ], Cannon J, Altom
L, et al. Oral antibiotic bowel preparation reduces length of
stay and readmissions after colorectal surgery. ] Am Coll
Surg. 2013;216(4):756-62. http://dx.doi.org/10.1016/
j.jamcollsurg.2012.12.039.

Chen M, Song X, Chen LZ, Lin ZD, Zhang XL. Comparing
mechanical bowel preparation with both oral and systemic
antibiotics versus mechanical bowel preparation and
systemic antibiotics alone for the prevention of surgical site
infection after elective colorectal surgery: a meta-analysis of
randomize. Dis Colon Rectum. 2016;59(1):70-8. http://
dx.doi.org/10.1097/DCR.0000000000000524.


http://dx.doi.org/10.1055/s-0038-1676475
http://dx.doi.org/10.1001/jamasurg.2016.4952
http://dx.doi.org/10.1001/jamasurg.2016.4952
http://dx.doi.org/10.1097/SLA.0000000000001029
http://dx.doi.org/10.1097/SLA.0000000000001029
http://dx.doi.org/10.1007/s00464-016-5169-2
http://dx.doi.org/10.1002/jso.24909
http://dx.doi.org/10.1002/bjs.9324
http://dx.doi.org/10.1002/bjs.9324
http://dx.doi.org/10.1007/s00268-012-1787-6
http://dx.doi.org/10.1007/s00268-012-1787-6
http://dx.doi.org/10.1007/s00268-012-1772-0
http://dx.doi.org/10.1007/s00268-012-1772-0
http://portal.guiasalud.es/contenidos/iframes/documentos/opbe/2015-07/ViaClinica-RICA.pdf
http://portal.guiasalud.es/contenidos/iframes/documentos/opbe/2015-07/ViaClinica-RICA.pdf
http://portal.guiasalud.es/contenidos/iframes/documentos/opbe/2015-07/ViaClinica-RICA.pdf
http://dx.doi.org/10.1016/j.surg.2014.09.009
http://dx.doi.org/10.1016/j.surg.2014.09.009
http://dx.doi.org/10.1097/01.sla.0000133083.54934.ae
http://dx.doi.org/10.1097/SLA.0b013e31824336e2
http://dx.doi.org/10.1097/SLA.0b013e31824336e2
http://dx.doi.org/10.1155/2018/7141342
http://dx.doi.org/10.1007/s00464-018-6144-x
http://dx.doi.org/10.1007/s00464-018-6144-x
http://dx.doi.org/10.1213/ANE.0000000000000206
http://dx.doi.org/10.1213/ANE.0000000000000206
http://dx.doi.org/10.1046/j.0007-1323.2001.01812.x
http://dx.doi.org/10.1046/j.0007-1323.2001.01812.x
http://dx.doi.org/10.1016/j.clnu.2005.02.003
http://dx.doi.org/10.1097/SLA.0000000000002394
http://dx.doi.org/10.1097/SLA.0000000000002394
http://dx.doi.org/10.1001/jamasurg.2019.0995
http://dx.doi.org/10.1016/j.surg.2015.01.016
http://dx.doi.org/10.1016/j.surg.2015.01.016
http://dx.doi.org/10.1097/SLA.0000000000001041
http://dx.doi.org/10.1097/SLA.0000000000001041
http://dx.doi.org/10.1016/j.jamcollsurg.2012.12.039
http://dx.doi.org/10.1016/j.jamcollsurg.2012.12.039
http://dx.doi.org/10.1097/DCR.0000000000000524
http://dx.doi.org/10.1097/DCR.0000000000000524

	ERAS protocol compliance impact on functional recovery in colorectal surgery
	Introduction
	Methods
	Statistical analysis

	Results
	Discussion
	Funding
	Conflict of interests
	Acknowledgements
	References


