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Abstract 

Background  It is common to observe a gap between the day on which the discharge criteria are reached 
and the actual day of discharge after colorectal surgery. The aim of this study is to understand the reasons for this dif-
ference and its clinical impact on the overall length of stay (LOS).

Methods  All patients enrolled in the prospective iCral3 study were analyzed regarding any difference and reason 
between the “fit for discharge” (FFD) and “actual discharge” (AD) dates. The association between the gap and the LOS 
in the whole population was then assessed through a multivariate regression model including other confounding 
variables.

Results  The analysis included 4529 patients, with a median [IQR] LOS of 6 [4–8] days. The median [IQR] LOS was 6 
[4–8] days in the no-gap group (3,910 patients, 86.3%), significantly lower (p < .001) than 7 [6–10] days in the gap 
group (619 patients, 13.7%). Among the gap reasons, the “need for postoperative rehabilitation” compared to “not will-
ing to return home” and “social constraints” was associated with the longest LOS (9 [6.0–12.5] days, p < 0.001 vs other 
reasons). The existence of the gap independently determined a 2.3-day lengthening of LOS.

Conclusions  Among other factors, the gap between FFD and AD had an independent impact on LOS. The most fre-
quent reasons for this gap were “not willing to return home” and “social constraint”, while the “need for postoperative 
rehabilitation” had the greater clinical impact.
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Introduction
In recent years, enhanced recovery after surgery (ERAS) 
pathways have been developed to improve perioperative 
care (Gustafsson et  al. 2019). Briefly, ERAS is a multi-
disciplinary, patient-centered protocol in which clinical 
standards are implemented using evidence-based prac-
tice. A clear effect of high adherence to the ERAS path-
way in reducing adverse events and shortening the overall 
length of stay (LOS) has been demonstrated in colorectal 
surgery (CRS) (Catarci et al. 2023) and in other surgical 
specialties (Mithany et al. 2023). LOS is one of the out-
come measures, considered a proxy of in-hospital recov-
ery because hospital discharge assumes that a minimal 
level of physiological and functional recovery has already 
been achieved (Balvardi et al. 2018).

Although current guidelines (Gustafsson et  al. 2019; 
Ficari et  al. 2019) underline the importance of fulfill-
ing several criteria for home discharge, LOS after CRS 
remains highly variable (Balvardi et  al. 2018). Further-
more, the definition of “fit for discharge” (FFD) remains 
non-homogeneous in the pertinent literature (Maessen 
et  al. 2008), and in clinical practice, it may not be suf-
ficient to define adequate ad hoc criteria. Therefore, 
actual discharge (AD) can be postponed for some causes 
related to local culture, surgeons’ preferences, patient 
expectations, health systems, and insurance status (Bal-
vardi et  al. 2018). The present study aimed to measure 
and analyze the reasons for the gap between FFD and 
AD and its impact on LOS in patients enrolled in a pro-
spective multicenter observational study of the Italian 
ColoRectal Anastomotic Leakage study group (iCral3 
study), designed to investigate the effect of adherence to 
the ERAS pathway on patient-reported outcome meas-
ures and return to intended oncologic therapy after CRS 
(Italian ColoRectal Anastomotic Leakage (iCral3) study 
group 2023).

Methods
This was a planned secondary analysis of a prospective 
multicenter study conducted in Italy from October 2020 
to September 2021 in 76 surgical centers participating 
in the iCral3 study on a voluntary basis (Italian Colo-
Rectal Anastomotic Leakage (iCral3) study group 2023). 
All patients who underwent elective or delayed urgency 
(≥ 24  h from admission) CRS with anastomosis were 
assessed for inclusion according to explicit inclusion and 
exclusion criteria. The inclusion criteria were as follows: 
(a) patients who underwent laparoscopic/robotic/open/
converted colorectal resection with anastomosis, includ-
ing planned Hartmann’s reversals; (b) American Society 
of Anesthesiologists’ (ASA) class I, II, or III; c) elective 
or delayed urgency (≥ 24  h from admission) surgery; 
and d) patients’ written acceptance to be included in the 

study. The exclusion criteria were as follows: (a) ASA 
class IV-V, (b) emergent (≤ 24  h from admission) sur-
gery, (c) pregnancy, and (d) hyperthermic intraperitoneal 
chemotherapy for carcinomatosis. Finally, 4529 patients 
were enrolled (Italian ColoRectal Anastomotic Leak-
age (iCral3) study group 2023). Both AD and FFD were 
prospectively recorded for every enrolled patient by local 
investigators. Fitness for discharge was defined using 
international consensus criteria (Fiore et al. 2012): inde-
pendent mobilization, adequate oral intake, stool pas-
sage, good pain control with oral analgesics, no evidence 
of complications, and patient consent to return home. 
Each participating center was defined as high volume (> 4 
cases) or low volume (≤ 4 cases) according to the median 
number of enrolled cases per month. The existence of an 
institutional enhanced recovery pathway (ERP) (having a 
locally implemented ERP team and protocol, supported 
by a specific resolution of the hospital/company strate-
gic management) was declared by 48 out of 76 (63.1%) 
participating centers. The ERAS pathway was defined 
on 26 items derived from international guidelines (Gus-
tafsson et  al. 2019), with percentage adherence meas-
ured through explicit criteria (Supplemental Table  S1) 
and reported as below or above the median and below/
at or above the 4th quartile. Surgical procedures were 
categorized as standard (anterior resection, right colec-
tomy, and left colectomy) versus non-standard (splenic 
flexure resection, transverse colectomy, Hartmann’s 
reversal, subtotal and total colectomy, and other) resec-
tions. Anastomotic leakage (AL) was defined and graded 
according to international consensus (Rahbari et  al. 
2010). Nutritional status, measured using the Mini Nutri-
tional Assessment–Short Form (MNA-SF) (Kaiser et  al. 
2009), was categorized as below or above 12, indicating 
the threshold of normal nutritional status.

Outcomes
All outcomes were calculated 60 days after surgery. Any 
adverse events were recorded, classified, and graded 
according to the Clavien-Dindo (Dindo et  al. 2004) and 
the Japanese Clinical Oncology Group extended crite-
ria (JCOG-EC) (Katayama et  al. 2016), as well as any 
unplanned readmission, reoperation, and death. Overall 
morbidity (OM) was defined as any adverse event, while 
major morbidity (MM) was defined as any major adverse 
event (Clavien-Dindo grade > II). Thereafter, the study 
population was divided into two subgroups: (a) patients 
with no gap between FFD and AD (no-gap group); and 
(b) patients in which this gap was present (gap group). 
The primary endpoint was the effect of the gap on LOS, 
calculated by including any planned or unplanned 
readmission.
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Data collection and statistical analysis
All data of the enrolled patients were prospectively 
recorded in a web-based database via an electronic case 
report form, specifically designed for the study and pro-
tected by access credentials for each center/investigator. 
Continuous and discrete variables related to biometric 
data, patient-related risk factors, indication and type of 
surgical procedure, adherence to ERAS pathway items, 
and outcomes were recorded (Supplemental Table  S2). 
Quality control of the data for consistency, plausibil-
ity, and completeness was performed on every single 
record by local investigators and subsequently validated 
by the study coordinator, resolving any discrepancies 
through strict cooperation. During the perioperative 
period, patients were examined daily by local investiga-
tors, who were free to decide on complementary imag-
ing and any further action according to the local criteria. 
Data were reported as medians (IQR) for continuous 
variables and numbers (percentages) for categorical vari-
ables. As most variables were not normally distributed 
by the Kolmogorov–Smirnov test, between-group com-
parisons were performed using the Mann–Whitney U 
test and the Kruskal–Wallis test for continuous variables, 
and the Pearson chi-square test or the Fisher exact test 
was used for categorical variables. Univariate and multi-
variate regression analyses adjusted for confounders were 
used to evaluate independent effects on LOS. All vari-
ables with univariate P < 0.10 were tested in a multivariate 
regression model performed using the Enter procedure. 
Standardized beta coefficients and model-corrected R2 
values were also determined. Collinearity diagnostics 
were performed to check model stability, by assessing tol-
erances, variance inflation factors, and condition indexes. 
For each variable identified as significantly associated 
with LOS in the multivariate analysis, we also reported 
the difference in LOS between the two groups identi-
fied by that variable. Statistical significance was set at 
P value < 0.05. All analyses were performed using SPSS 
(Statistical Package for Social Sciences) for Windows 
(version 22.0; SPSS Inc., Chicago, IL, USA).

Ethics
The study was conducted in accordance with the Dec-
laration of Helsinki and the principles of the guidelines 
for good clinical practice E6 (R2). The study protocol 
was registered at ClinicalTrials.gov (NCT04397627) 
after approval by the ethics committee of the coordinat-
ing center (Marche Regional Ethics Committee-CERM 
2020/192 released on 07/30/2020) and the local eth-
ics committee of all other participating centers. Indi-
vidual participant-level anonymized datasets were made 
available upon explicit request by contacting the study 
coordinator.

Results
A total of 4,529 patients were included in this study, of 
which 68% received preoperative ERAS education (Sup-
plemental Tables S1 and S2). The patients were followed 
for a median of 68 days (IQR 59–112). The baseline char-
acteristics of the entire study population and subgroups 
are shown in Table  1. A gap between FFD and AD was 
recorded in 619 (13.7%) patients (gap group), and there 
was no gap in the remaining 3910 (86.3%) patients (no-
gap group). The median (IQR; range) LOS in the entire 
population was 6.0 (4.0–8.0; 2–91) days; it was 6.0 (4.0–
8.0; 2–91) days in the no-gap group and 7.0 (6.0–10.0; 
3–79) days in the gap group (P < 0.001). Gap reasons 
were specified in 605 (97.7%) patients, the most fre-
quent being “not willing to return home” (229 patients; 
37.8%) and “social constraint” (240 patients; 39.7%). A 
“need for postoperative rehabilitation” was reported 
in 136 (22.5%) patients. It was associated with a signifi-
cantly longer median [IQR] LOS of 9.0 [6.0–12.5] days, 
compared to the other two reasons (7.0 [6.0–9.0] days for 
both, P < 0.001) (Fig. 1). Twenty-one of 28 variables con-
sidered in the study had a significant influence on LOS in 
univariate analysis and were included in the multivariate 
regression model (Table  2). An independent increase in 
LOS was recorded for patients aged > 69 years and ASA 
class > II among patient-related variables; neo-adjuvant 
therapy, intra-postoperative blood transfusions, delayed 
urgency admission, non-standard procedure, procedure 
length > 180  min, associated procedures, and discharge 
gap among treatment-related variables; anastomotic 
leakage, overall morbidity, major morbidity, and reopera-
tion among outcome-related variables. In contrast, both 
minimally invasive surgery and ERAS adherence > 69.2% 
were independently associated with a reduction of LOS. 
The quantitative differences with baseline LOS related to 
these variables are shown in Fig. 2.

Discussion
This observational study revealed the existence of a gap 
between FFD and AD after CRS in 13.7% of cases. This 
figure is lower than those reported in recent retrospec-
tive (Slieker et al. 2017) and prospective analyses (Biondi 
et  al. 2022), where the concordance between FFD and 
AD barely reached one-third of the cases. This result can 
be attributed to several factors. In recent years, many 
improvements in the enhanced recovery pathway have 
been implemented: the return to home will probably 
be more anticipated by patients, they would be better 
prepared, and it would be easier for the treating physi-
cian to make an announcement about the discharge; 
surgeon-related perception of potential risks associated 
with early discharge that could lead to readmission and/
or continued hospitalization is mitigated by the large 
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body of evidence that makes discharge safe (Jones et al. 
2017). In the prospective multicenter iCral1 study (Italian 
ColoRectal Anastomotic Leakage (iCral) Study Group. 
Anastomotic leakage after elective colorectal surgery: 
a prospective multicentre observational study on use of 
the Dutch leakage score, serum procalcitonin and serum 
C-reactive protein for diagnosis 2020), the use of clinical 
scores with serum biomarkers was demonstrated to have 
a high (< 99%) negative predictive value for anastomotic 
leakage already on postoperative day 2. On the other 
hand, a prospective French study designed to evaluate 
the feasibility and safety of a 3-day hospitalization after 
colectomy and 5-day hospitalization after proctectomy 
in patients enrolled in an enhanced recovery program 

showed that serum biomarkers above the threshold 
accounted for delayed discharge after CRS in 15% of 
cases, while patient refusal was the most common rea-
son (Collard et al. 2020), as it was in the present analy-
sis. Patient and caregiver education, contact information, 
and discharge planning are increasingly recognized as a 
fundamental part of surgical patient care (Biondi et  al. 
2022; Jones et al. 2017; Chugh et al. 2009), and improv-
ing the rate of adherence to preoperative counseling (lim-
ited to 68% of cases in the present study, Supplemental 
Table S2) may limit patients’ refusal to return home when 
the criteria for safe discharge are met.

This study also reported that a median ERAS adher-
ence of 69.2% determined a median LOS of 6 days, which 

Table 1  Baseline characteristics of the study population and subgroups

Continuous variables are reported as median (IQR); categorical variables are reported as number (percentage)

ASA American Society of Anesthesiologists, BMI body mass index, MNA-SF mini nutritional assessment–short form, ERP enhanced recovery pathway

Variables Overall No. = 4529 No-gap group No. = 3910 
(86.3%)

Gap group No. = 619 
(13.7%)

p

Patient-related

  Age (years) 69.1 (58–77.5) 68.8 (58–78) 70.4 (61–80) .012

  Age > 69.1 years 2221 (49.0) 1888 (48.3) 333 (53.8) .011

  Male sex 2389 (52.8) 2052 (52.5) 337 (54.4) .332

  ASA class > II 1537 (33.9) 1310 (32.5) 227 (36.7) .122

  BMI (kg/m2) 25.2 (22.7–27.9) 25.3 (22.7–27.9) 24.9 (22.3–27.7) .133

  Diabetes 630 (13.9) 537 (13.7) 93 (15.0) .389

  Chronic renal failure 195 (4.3) 170 (4.3) 25 (4.0) .725

  Dialysis 10 (0.2) 8 (0.2) 2 (0.3) .636

  Chronic liver disease 52 (1.1) 41 (1) 11 (1.8) .114

  MNA-SF > 12 2948 (65.1) 2516 (64.3) 432 (69.8) .008

Treatment-related

  Neoadjuvant therapy 336 (7.4) 288 (7.4) 48 (7.8) .732

  Preoperative blood transfusion(s) 273 (6) 230 (5.9) 43 (6.9) .301

  Intra- and postoperative blood transfusion(s) 304 (6.7) 246 (6.3) 58 (9.4) .005

  Perioperative steroids 79 (1.7) 68 (1.7) 11 (1.8) .947

  High-volume center (> 4 cases/month) 3506 (77.4) 3048 (78) 458 (74) .028

  Institutional ERP 3001 (66.3) 2542 (65.0) 459 (74.2)  < .001

  Delayed urgency admission 293 (6.5) 196 (5.0) 97 (15.7)  < .001

  Non-standard procedure 712 (15.7) 613 (15.7) 96 (15.5) .923

  Procedure length (min) 180 (140–235) 180 (135–235) 185 (135–227) .015

  Associated procedures 831 (18.3) 691 (17.7) 140 (22.6) .003

  Mininvasive surgery 3862 (85.3) 3346 (85.6) 516 (83.4) .148

  ERAS adherence (%) 69.2 (53.8–80.8) 69.2 (57.2–84.2) 69.2 (61.2–80.2)  < .001

  4th quartile of ERAS adherence (> 80.8%) 878 (19.3) 794 (20.3) 84 (13.6)  < .001

Outcome related

  Anastomotic leakage 199 (4.4) 163 (4.2) 36 (5.8) .063

  Overall morbidity 1214 (26.8) 1028 (26.3) 186 (30.0) .050

  Major morbidity 342 (7.6) 285 (7.3) 57 (9.2) .093

  Reoperation 233 (5.1) 190 (4.9) 43 (6.9) .029

  Readmission 174 (3.8) 154 (3.9) 20 (3.2) .395
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is equal to the constant value reported by a nationwide 
study in the USA on 251,583 patients who underwent 
elective CRS from 2002 to 2011 (Al-Mazrou et al. 2017). 
This figure corresponds to a reduction of 1 day compared 
with the Italian nationwide LOS after laparoscopic CRS 
recorded in the same period (Agenzia Nazionale per i 
Servizi Sanitari Regionali (AGENAS) 2023). While the 
reduction in LOS recorded in randomized trials on ERAS 
generally exceeds 2 days (Greco et al. 2014), the results of 
the present study are not different from those achieved 
in population-based studies. A pre-post structured ERAS 
implementation study among 15 teaching hospitals in 
Ontario, Canada, performed on 32,612 patients who 
underwent CRS between 2008 and 2019 (Bayat et  al. 
2024), revealed a mean (95%CI) reduction of LOS at 1.05 
(0.72–1.38) days. This finding confirms that complete 
implementation of any ERP is not an “on–off” process, 
as it involves deep cultural and behavioral changes in 
patients and healthcare providers and requires time and 
perseverance to reach a level of implementation (measur-
able through the ERP adherence rate) that can influence 
LOS and other outcomes. The existence of a self-declared 
institutional ERP by 48 out of 76 (63.1%) centers par-
ticipating in the present study had no influence on LOS 
(Table  2), confirming that "declaring an ERAS protocol 
is not enough” (Maessen et  al. 2007). Structured imple-
mentation and auditing processes are more important 

for improving program adherence and outcomes (Catarci 
et al. 2021).

Comparison of the no-gap and gap groups (Table  1) 
disclosed that the latter contains significantly more 
“bad performers”, such as older and comorbid patients, 
higher rate of delayed urgency presentation, and more 
complex operations (longer operative time with higher 
rates of blood transfusions and associated procedures). 
This could explain the “social constraint” and “need for 
postoperative rehabilitation” as the reasons for the gap 
in two-thirds of the cases in the present study. CRS is 
increasingly performed in older patients with multiple 
comorbidities, and surgical procedures are often more 
complex; these factors may intuitively challenge any 
smooth recovery process. In this setting, anticipating 
the need for postoperative intensive care (Conti et  al. 
2023), adding a case manager nurse dedicated to ERAS 
programs, and implementing referral pathways for post-
operative rehabilitation should be provided to improve 
postoperative compliance (Li et al. 2013).

Finally, the multivariate analysis for LOS in the entire 
cohort (Table  2) showed that any adverse event (par-
ticularly major events such as anastomotic leakage) and 
blood transfusions had the highest weight on the inde-
pendent lengthening of LOS, as expected (Italian Colo-
Rectal Anastomotic Leakage (iCral) study group 2019; 
Catarci et al. 2022; Italian ColoRectal Anastomotic Leak-
age (iCral) study group 2020; Catarci et al. 2023). While it 

Fig. 1  Comparison of LOS based on gap causes within the gap group
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appears straightforward that patient-related factors, such 
as older age and multiple comorbidities, and treatment-
related factors, such as delayed urgency presentation, 
longer and associated procedures, neo-adjuvant therapy, 
and non-standard resections, also had an independent 
effect on LOS, the discharge gap independently deter-
mined a 2.3-day lengthening of LOS (Fig. 2).

The study data were obtained from a large multi-
center prospective investigation of patients under-
going colorectal surgery, which was performed at a 
well-defined time-lapse in a large number of centers 
representing a wide sample of surgical units perform-
ing colorectal surgery in Italy. However, this study 
has some limitations. The nature of this study does 
not permit a definitive conclusion about this topic. 
Another limitation is the potential for residual, meas-
ured, and unmeasured confounding intrinsic to obser-
vational studies. Although data quality control was 
performed and repeated at various levels, we could 
not exclude any measurement errors from the par-
ticipating investigators. Finally, the study results were 
obtained using a non-a priori sample structured for 
this topic.

In conclusion, although more studies focused on this 
topic are needed, our analysis pointed “not willing to 

return home” and “social constraint” as the most fre-
quent reasons for the gap between FFD and AD, while 
“needing rehab” had the greater clinical impact. This 
gap, along with other variables, independently impacts 
LOS lengthening after CRS.

Abbreviations
AD	� Actual discharge
AL	� Anastomotic leakage
ASA	� American Society of Anesthesiologists
CRS	� Colo-Rectal Surgery
ERAS	� Enhanced Recovery After Surgery
ERP	� Enhanced recovery pathway
FFD	� Fit for discharge
LOS	� Length of stay

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13741-​025-​00492-1.

Supplementary Material 1: Supplemental Table S1. Definition and adher-
ence criteria to ERAS program items. Supplemental Table S2. Categoric 
and continuous variables considered in the study.

Acknowledgements
* iCral3 study group investigators (collaborators) are: Maria Sole Mattei, Elena 
Belloni, Daniela Apa, Matteo Di Carlo, General Surgery Unit, Sandro Pertini 
Hospital, ASL Roma 2, Roma; Grazia Maria Attinà, General & Emergency 
Surgery Unit, San Camillo-Forlanini Hospital, Roma; Elisa Bertocchi, Gaia Masini, 
General Surgery Unit, IRCCS Sacro Cuore Don Calabria Hospital, Negrar di 

Fig. 2  Quantitative differences with baseline related to the independent predictors of LOS

https://doi.org/10.1186/s13741-025-00492-1
https://doi.org/10.1186/s13741-025-00492-1


Page 8 of 9Pandolfini et al. Perioperative Medicine           (2025) 14:14 

Valpolicella (VR); Amedeo Altamura, Francesco Rubichi, General Surgery Unit, 
Cardinale G. Panico Hospital, Tricase (LE); Ferdinando Ficari, Francesco Giudici, 
Fabio Cianchi, General Surgery and IBD Unit, Careggi University Hospital, 
Firenze; Paolo Delrio, Ugo Pace, Andrea Fares Bucci, Colorectal Surgical 
Oncology, Istituto Nazionale per lo Studio e la Cura dei Tumori, “Fondazione 
Giovanni Pascale IRCCS-Italia”, Napoli; Felice Pirozzi, Antonio Sciuto, General 
Surgery Unit, ASL Napoli 2 Nord, Pozzuoli (NA); Desirée Cianflocca, Marco 
Migliore, General & Oncologic Surgery Unit, Department of Surgery, Santa 
Croce e Carle Hospital, Cuneo; Raffaele De Luca, Michele Simone, Department 
of Surgical Oncology, IRCCS Istituto Tumori “Giovanni Paolo II”, Bari; Alberto 
Patriti, Marcella Ricci, Department of Surgery, AST Marche 1, Pesaro e Fano 
(PU); Gianluca Garulli, Mattia Portinari, General Surgery Unit, Infermi Hospital, 
Rimini; Walter Siquini, Alessandro Cardinali, Massimo Sartelli, General Surgery 
Unit, S. Lucia Hospital, Macerata; Stefano D’Ugo, Marcello Spampinato, General 
Surgery Unit, “V. Fazzi” Hospital, Lecce; Stefano Scabini, Alessandra Aprile, 
Domenico Soriero, General & Oncologic Surgery Unit, IRCCS “San Martino” 
National Cancer Center, Genova; Marco Caricato, Gabriella Teresa Capolupo, 
Colorectal Surgery Unit, Policlinico Campus BioMedico, Roma; Giusto Pignata, 
Jacopo Andreuccetti, Ilaria Canfora, 2nd General Surgery Unit 2, Spedali Civili 
di Brescia; Andrea Liverani, Andrea Scarinci, General Surgery Unit, Regina 
Apostolorum Hospital, Albano Laziale (RM); Roberto Campagnacci, Angela 
Maurizi, General Surgery Unit, “C. Urbani” Hospital, Jesi (AN); Ugo Elmore, Giulia 
Maggi, Department of Gastrointestinal Surgery Unit, San Raffaele Research 
Hospital and “Vita-Salute” San Raffaele University, Milano; Francesco Corcione, 
Umberto Bracale, Roberto Peltrini, Minimally Invasive General and Oncologic 
and Surgery Unit, “Federico II” University, Napoli; Roberto Santoro, Pietro Maria 
Amodio, General Oncologic Surgery Unit, Belcolle Hospital, Viterbo; Massimo 
Carlini, Domenico Spoletini, Rosa Marcellinaro, General Surgery Unit, S. 
Eugenio Hospital, ASL Roma 2; Antonio Giuliani, Giovanni Del Vecchio, General 
Surgery Unit, S. Carlo Hospital, Potenza; Mario Sorrentino, Massimo Stefanoni, 
General Surgery Unit, Latisana-Palmanova Hospital, Friuli Centrale University 
(UD); Giovanni Ferrari, Carmelo Magistro, General Oncologic and Mininvasive 
Surgery Unit, Great Metropolitan Niguarda Hospital, Milano; Diletta Cassini, 
General Surgery Unit, ASST Ovest Milanese, Nuovo Ospedale di Legnano, 
Legnano (MI); Alberto Di Leo, Lorenzo Crepaz, General and Minimally Invasive 
Surgery Unit, San Camillo Hospital, Trento; Augusto Verzelli, Andrea Budassi, 
General Surgery Unit, Profili Hospital, Fabriano (AN); Giuseppe Sica, Bruno 
Sensi, Minimally Invasive Surgery Unit, Policlinico Tor Vergata University 
Hospital, Roma; Stefano Rausei, Silvia Tenconi, General Surgery Unit, Gallarate 
Hospital (VA); Davide Cavaliere, Leonardo Solaini, Giorgio Ercolani, General & 
Oncologic Surgery Unit, AUSL Romagna, Forlì (FC); Gian Luca Baiocchi, Sarah 
Molfino, General Surgery Unit 3, Department of Clinical and Experimental 
Sciences, University of Brescia; Marco Milone, Giovanni Domenico De Palma, 
General & Endoscopic Surgery Unit, “Federico II” University, Napoli; Paolo 
Locurto, General Surgery Unit, S. Elia Hospital, Caltanissetta; Giovanni 
Domenico Tebala, Antonio Di Cintio, Digestive & Emergency Surgery Unit, S. 
Maria Hospital, Terni; Luigi Boni, Elisa Cassinotti, General Surgery Unit, 
Fondazione IRCCS Ca’ Granda, Policlinico Maggiore Hospital, Milano; Stefano 
Mancini, Andrea Sagnotta, General & Oncologic Surgery Unit, San Filippo Neri 
Hospital, ASL Roma 1; Mario Guerrieri, Monica Ortenzi, Surgical Clinic, Torrette 
Hospital, University of Ancona; Roberto Persiani, Alberto Biondi, General 
Surgery Unit, Fondazione Policlinico Universitario Agostino Gemelli IRCCS, 
Roma; Andrea Lucchi, Giacomo Martorelli, General Surgery Unit, “Ceccarini” 
Hospital, Riccione (RN); Dario Parini, Maurizio De Luca, General Surgery Unit, S. 
Maria della Misericordia Hospital, Rovigo; Antonino Spinelli, Francesco Carrano, 
Department of Biomedical Sciences, Humanitas University, Pieve Emanuele 
(MI) and IRCCS Humanitas Research Hospital, Rozzano (MI); Michele Genna, 
Francesca Fior, General & Bariatric Surgery Unit, University Hospital, Verona; 
Antonio Ferronetti, General & Oncologic Surgery Unit, Evangelico Betania 
Hospital, Napoli; Andrea Coratti, Giuseppe Giuliani, Roberto Benigni, General 
and Emergency Surgery Unit, Misericordia Hospital, Grosseto; Dario Scala, 
Graziella Marino, Abdominal Oncologic Surgery Unit, IRCCS CROB Basilicata 
Referral Cancer Center, Rionero in Vulture (PZ); Andrea Muratore, Patrizia 
Marsanic, General Surgery Unit, “E. Agnelli” Hospital, Pinerolo (TO); Maurizio , 
Carlo Di Marco, General Surgery Unit, AULSS2 Marca Trevigiana, Conegliano 
Veneto (TV); Umberto Rivolta, General Surgery Unit, Fornaroli Hospital, ASST 
Milano Ovest, Magenta (MI); Micaela Piccoli, Francesca Pecchini, General 
Surgery Unit, Civil Hospital, Baggiovara (MO); Carlo Talarico, Vincenzo Greco, 
General Surgery Unit, Villa dei Gerani Hospital, Vibo Valentia (VV); Giuseppe 
Tirone, Michele Motter, 1st General Surgery Unit, S. Chiara Hospital, Trento; 
Stefano Guadagni, Marco Clementi, General Surgery Unit, University of 

L’Aquila; Mauro Totis, Nicolò Tamini, Colorectal Surgery Unit, San Gerardo 
Hospital, ASST Monza; Franco Roviello, Riccardo Piagnerelli, Surgical Clinic, 
Policlinico “Le Scotte”, University of Siena; Alessandro Anastasi, Giuseppe 
Canonico, General Surgery Unit, San Giovanni di Dio Hospital, Firenze; Simone 
Cicconi, General Surgery Unit, “C. e G. Mazzoni” Hospital, Ascoli Piceno; 
Giuseppe Maria Ettorre, Marco Colasanti, General & Transplant Surgery Unit, 
San Camillo-Forlanini Hospital, Roma; Mauro Montuori, Enrico Pinotti, General 
& Mininvasive Surgery Unit, S. Pietro Hospital, Ponte San Pietro (BG); Pierpaolo 
Mariani, Roberta Carminati , General Surgery Unit, Pesenti Fenaroli Hospital, 
Alzano Lombardo (BG); Nicolò de Manzini, Edoardo Osenda, Surgical Clinic, 
University of Trieste; Trieste; Annibale Donini, Luigina Graziosi, General & 
Emergency Surgery Unit, University of Perugia, Perugia; Mariano Fortunato 
Armellino, Ciro De Martino, General & Emergency Surgery Unit, S. Giovanni di 
Dio e Ruggi d’Aragona Hospital, Salerno; Lucio Taglietti, Silvia ruggiero, General 
Surgery Unit, ASST Valcamonica, Esine (BS); Gabriele Anania, Matteo Chiozza, 
General & Laparoscopic Surgery Unit, University Hospital, Ferrara; Mariantoni-
etta Di Cosmo, Daniele Zigiotto, General & Upper GI Surgery Unit, University 
Hospital, Verona; Carlo Vittorio Feo, Fioralba Pindozzi, General Surgery Unit, 
Delta Hospital, Lagosanto (FE); Paolo Millo, Manuela Grivon, General Surgery 
Unit, “U. Parini” Regional Hospital, Aosta; Corrado Pedrazzani, Cristian Conti, 
General & HPB Surgery Unit, University Hospital, Verona; Silvio Guerriero, 
Lorenzo Organetti, General Surgery Unit, “A. Murri” Hospital, Fermo; Andrea 
Costanzi, Michela Monteleone, General Surgery Unit, S. Leopoldo Hospital, 
Merate (LC); Nereo Vettoretto, Emanuele Botteri, General Surgery Unit, Spedali 
Civili of Brescia, Montichiari (BS); Federico Marchesi, Giorgio Dalmonte, Surgical 
Clinic, University of Parma, Parma; Diletta Frazzini, General Surgery Unit, Spirito 
Santo Hospital, Pescara; Graziano Longo, Simone Santoni, General Surgery 
Unit, Policlinico Casilino, Roma; Moreno Cicetti77, MD, Gabriele La Gioia, 
General Surgery Unit, S. Maria della Misericordia Hospital, Urbino (PU); Italy

Authors’ contributions
LP, DC, PB, MC, and MS made substantial contributions to the conception of 
the study and to the analysis and interpretation of data. LP and DC drafted the 
manuscript. SR, AF, GMP, PC, MB, LAM, GR, MGV, FB, GB, MB, PM, MFA, VB, GC, 
AC, and GG participated in data acquisition and revised the work critically for 
important intellectual content. All authors approved the final version of the 
manuscript and agree to be accountable for all aspects of the work in ensur-
ing that questions related to the accuracy or integrity of any part of the work 
are appropriately investigated and resolved.

Funding
This research received no specific grant from any funding agency in the pub-
lic, commercial, or not-for-profit sectors.

Data availability
Individual participant-level anonymized datasets were made available upon 
reasonable request by contacting the study coordinator.

Declarations

Ethics approval and consent to participate
The study was conducted in accordance with the Declaration of Helsinki and 
the Guideline for Good Clinical Practice E6 (R2) principles. The study protocol 
was approved by the coordinating center ethics committee (Comitato Etico 
Regionale delle Marche–C.E.R.M. #2020/192, approved on 07/30/2020) and 
registered at ClinicalTrials.gov (NCT04397627). Thereafter, all participating 
centers obtained authorization from the local institutional review board. The 
study followed the Strengthening the Reporting of Observational Studies in 
Epidemiology reporting guidelines for cohort studies. Individual participant-
level anonymized datasets were made available upon reasonable request by 
contacting the study coordinator.
Informed consent was obtained from all individual participants included in 
the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.



Page 9 of 9Pandolfini et al. Perioperative Medicine           (2025) 14:14 	

Author details
1 General Surgery Unit, Santa Maria Annunziata & Serristori Hospital, ASL 
Toscana Centro, Florence, Italy. 2 Anesthesiology Unit, Santa Maria Annunziata 
& Serristori Hospital, ASL Toscana Centro, Florence, Italy. 3 Cardiology Unit, 
Santa Maria Annunziata & Serristori Hospital, ASL Toscana Centro, Florence, 
Italy. 4 General Surgery Unit, Sandro Pertini Hospital, ASL Roma 2, Rome, Italy. 
5 General Surgery Unit, IRCCS Sacro Cuore Don Calabria Hospital, Negrar Di Val-
policella (VR), Italy. 6 General Surgery Unit, Cardinale G. Panico Hospital, Tricase 
(LE), Italy. 7 Oncologic Surgery Unit, Candiolo Cancer Institute, FPO-IRCCS, Can-
diolo, TO, Italy. 8 General Surgery Unit, ASST Ovest Milanese, Nuovo Ospedale 
Di Legnano, Legnano, MI, Italy. 9 General Surgery Unit, Spirito Santo Hospital, 
Pescara, Italy. 10 General & Emergency Surgery Unit, San Camillo-Forlanini 
Hospital, Rome, Italy. 11 General & Emergency Surgery Unit, S. Giovanni Di Dio 
E Ruggi d’Aragona Hospital, Salerno, Italy. 12 General & Oncologic Surgery Unit, 
Evangelico Betania Hospital, Naples, Italy. 13 General Surgery Unit, S. Elia Hos-
pital, Caltanissetta, Italy. 14 1St General Surgery Unit, S. Chiara Hospital, Trento, 
Italy. 15 General Surgery Unit, “C. E G. Mazzoni” Hospital, Ascoli Piceno, Italy. 

Received: 15 August 2024   Accepted: 7 January 2025

References
Agenzia Nazionale per i Servizi Sanitari Regionali (AGENAS), Programma Nazion-

ale Esiti (PNE) edizione 2023, accessed online on July 10, 2024.
Al-Mazrou AM, Onur B, Kiran RP. Failure of efforts to contain costs of care after 

colorectal procedures: Nationwide trends in length of stay, costs and post-
acute care utilization. Am J Surg. 2017;214(5):804–10.

Rahbari NN, Weitz J, Hohenberger W, et al. Definition and grading of anastomotic 
leakage following anterior resection of the rectum: a proposal by the Inter-
national Study Group of Rectal Cancer. Surgery. 2010;147:339–51.

Balvardi S, Pecorelli N, Castelino T, Niculiseanu P, Liberman AS, Charlebois P, Stein 
B, Carli F, Mayo NE, Feldman LS, Fiore JF Jr. Measuring in-hospital recovery 
after colorectal surgery within a well-established enhanced recovery path-
way: a comparison between hospital length of stay and time to readiness 
for discharge. Dis Colon Rectum. 2018;61(7):854–60.

Bayat Z, Govindarajan A, Victor JC, Kennedy ED. Impact of structured multicentre 
enhanced recovery after surgery (ERAS) protocol implementation on length 
of stay after colorectal surgery. BJS Open. 2024;8(5):zrae094.

Biondi A, Mele MC, Agnes A, Lorenzon L, Cintoni M, Rinninella E, Marincola G, 
D’Ugo D, Gasbarrini A, Persiani R. Feasibility of discharge within 72 hours of 
major colorectal surgery: lessons learned after 5 years of institutional experi-
ence with the ERAS protocol. BJS Open. 2022;6(1):zrac002.

Catarci M, Benedetti M, Maurizi A, Spinelli F, Bernacconi T, Guercioni G, Campag-
nacci R. ERAS pathway in colorectal surgery: structured implementation 
program and high adherence for improved outcomes. Updates Surg. 
2021;73(1):123–37.

Catarci M, Guadagni S, Masedu F, Montemurro LA, Ciano P, Benedetti M, Delrio P, 
Garulli G, Pirozzi F, Scatizzi M; Italian ColoRectal Anastomotic Leakage (iCral) 
Study Group. Blood Transfusions and Adverse Events after Colorectal Sur-
gery: A Propensity-Score-Matched Analysis of a Hen-Egg Issue. Diagnostics 
(Basel). 2023;13(5):952.

Catarci M, Ruffo G, Viola MG, Pirozzi F, Delrio P, Borghi F, Garulli G, Marini P, Baldazzi 
G, Scatizzi M, on behalf of the Italian ColoRectal Anastomotic Leakage (iCral) 
study group. High adherence to enhanced recovery pathway indepen-
dently reduces major morbidity and mortality rates after colorectal surgery: 
a reappraisal of the iCral2 and iCral3 multicenter prospective studies. G Chir. 
2023;43(2):e24.

Catarci M, Ruffo G, Viola MG, Pirozzi F, Delrio P, Borghi F, Garulli G, Baldazzi G, 
Marini P, Sica G; Italian ColoRectal Anastomotic Leakage (iCral) study 
group. ERAS program adherence-institutionalization, major morbidity and 
anastomotic leakage after elective colorectal surgery: the iCral2 multicenter 
prospective study. Surg Endosc. 2022;36(6):3965–3984.

Chugh A, WilliamsMV, Grigsby J, Coleman EA. Better transitions: improving 
comprehension of discharge instructions. Frontiers of Health Service Man-
agement 2009;25:11–32

Collard MK, Anyla M, Lefevre JH, Shields C, Laforest A, Gutton C, Lescot T, Parc 
Y. Patients’ refusal as major limitation of early discharge after colorectal 
resection in an enhanced recovery program. Langenbecks Arch Surg. 
2020;405(3):337–44.

Conti D, Pandolfini L, Ballo P, Falsetto A, Zini C, Goti M, Cappelli V, Pissilli G, Laessig 
R, Scatizzi M, Pavoni V. The Role of the Recovery Room in Improving Adher-
ence During an Enhanced Recovery After Surgery (ERAS) implementation 
program for colorectal surgery: a single-center retrospective analysis. J 
Perianesth Nurs. 2023;38(2):232–5.

Dindo D, Demartines N, Clavien PA. Classification of surgical complications. A 
new proposal with evaluation in a cohort of 6336 patients and results of a 
survey. Ann Surg. 2004;240:205–13.

Ficari F, Borghi F, Catarci M, et al. Enhanced recovery pathways in colorectal sur-
gery: a consensus paper by the Associazione Chirurghi Ospedalieri Italiani 
(ACOI) and the PeriOperative Italian Society (POIS). G Chir. 2019;40(suppl. 
4):1–40.

Fiore JFJ, Bialocerkowski A, Browning L, et al. Criteria to determine readiness for 
hospital discharge following colorectal surgery: an international consensus 
using the Delphi technique. Dis Colon Rectum. 2012;55:416–23.

Greco M, Capretti G, Beretta L, Gemma M, Pecorelli N, Braga M. Enhanced recov-
ery program in colorectal surgery: a meta-analysis of randomized controlled 
trials. World J Surg. 2014;38(6):1531–41.

Gustafsson UO, Scott MJ, Hubner M, et al. Guidelines for perioperative care in 
elective colorectal surgery: Enhanced Recovery After Surgery (ERAS®) 
Society recommendations: 2018. World J Surg. 2019;43:659–95.

Italian ColoRectal Anastomotic Leakage (iCral) study group. Anastomotic leakage 
after elective colorectal surgery: a prospective multicentre observational 
study on use of the Dutch leakage score, serum procalcitonin and serum 
C-reactive protein for diagnosis. BJS Open. 2020;4(3):499–507.

Italian ColoRectal Anastomotic Leakage (iCral) study group. Colorectal 
surgery in Italy: a snapshot from the iCral study group. Updates Surg. 
2019;71(2):339–47.

Italian ColoRectal Anastomotic Leakage (iCral) study group. Risk factors for 
adverse events after elective colorectal surgery: beware of blood transfu-
sions. Updates Surg. 2020;72(3):811–9.

Jones D, Musselman R, Pearsall E, McKenzie M, Huang H, McLeod RS. Ready to 
go home? Patients’ experiences of the discharge process in an enhanced 
recovery after surgery (ERAS) Program for Colorectal Surgery. J Gastrointest 
Surg. 2017;21(11):1865–78.

Kaiser MJ, Bauer JM, Ramsch C, et al. Validation of the Mini Nutritional Assessment 
short-form (MNA-SF): a practical tool for identification of nutritional status. J 
Nutr Health Aging. 2009;13(9):782.

Katayama H, Kurokawa Y, Nakamura K, et al. Extended Clavien-Dindo classifica-
tion of surgical complications: Japan Clinical Oncology Group postoperative 
complications criteria. Surg Today. 2016;46:668–85.

Li LT, Mills WL, White DL, Li A, Gutierrez AM, Berger DH, Naik AD. Causes and 
prevalence of unplanned readmissions after colorectal surgery: a systematic 
review and meta-analysis. J Am Geriatr Soc. 2013;61:1175–81.

Maessen J, Dejong CH, Hausel J, et al. A protocol is not enough to imple-
ment an enhanced recovery program for colorectal resection. Br J Surg. 
2007;94:224–31.

Maessen JM, Dejong CH, Kessels AG, von Meyenfeldt MF; Enhanced Recovery 
After Surgery (ERAS) Group. Length of stay: an inappropriate readout of the 
success of enhanced recovery programs. World J Surg. 2008;32:971–975.

Mithany RH, Daniel N, Shahid MH, et al. Revolutionizing surgical care: the power 
of enhanced recovery after surgery (ERAS). Cureus. 2023;15(11): e48795.

Slieker JC, Clerc D, Hahnloser D, Demartines N, Hübner M. Prospective Evaluation 
of Discharge Trends after Colorectal Surgery within an Enhanced Recovery 
after Surgery Pathway. Dig Surg. 2017;34(4):298–304.

Italian ColoRectal Anastomotic Leakage (iCral3) study group. Patient-reported 
outcomes and return to intended oncologic therapy after colorectal 
enhanced recovery pathway. Ann Surg Open. 2023;4(1):e267.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Length of stay after colorectal surgery in Italy: the gap between “fit for” and “actual” discharge in a prospective cohort of 4529 cases
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Outcomes
	Data collection and statistical analysis
	Ethics

	Results
	Discussion
	Acknowledgements
	References


