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Accelerated 23‑h enhanced 
recovery protocol for colon surgery: 
the CHASE‑study
Thaís T. T. Tweed 1*, Misha A. T. Sier 1, Imane Daher 1, Maikel J. A. M. Bakens 2, Johan Nel 1, 
Nicole D. Bouvy 2, James van Bastelaar 1 & Jan H. M. B. Stoot 1

The introduction of the Enhanced Recovery After Surgery (ERAS) program has radically improved 
postoperative outcomes in colorectal surgery. Optimization of ERAS program to an accelerated 
recovery program may further improve these said outcomes. This single‑center, prospective study 
investigated the feasibility and safety of a 23‑h accelerated enhanced recovery protocol (ERP) for 
colorectal cancer patients (ASA I–II) undergoing elective laparoscopic surgery. The 23‑h accelerated 
ERP consisted of adjustments in pre‑, peri‑ and postoperative care; this was called the CHASE‑
protocol. This group was compared to a retrospective cohort of colorectal cancer patients who 
received standard ERAS care. Patients were discharged within 23 h after surgery if they met the 
discharge criteria. Primary outcome was the rate of the successful discharge within 23 h. Successful 
discharge within the CHASE‑cohort was realized in 33 out of the 41 included patients (80.5%). 
Compared to the retrospective cohort (n = 75), length of stay was significantly shorter in the CHASE‑
cohort (p = 0.000), and the readmission rate was higher (p = 0.051). Complication rate was similar, 
severe complications were observed less frequently in the CHASE‑cohort (4.9% vs. 8.0%). Findings 
from this study support the feasibility and safety of the accelerated 23‑h accelerated ERP with the 
CHASE‑protocol in selected patients.

Introduction of the Enhanced Recovery After Surgery (ERAS) protocol has revolutionized perioperative colo-
rectal surgical  care1. The ERAS protocol consists of evidence-based interventions to reduce perioperative stress, 
maintain postoperative physiological functioning and accelerate recovery after  surgery1. Studies have shown that 
the combination of ERAS protocol and laparoscopic surgery have resulted in a considerable reduction in length 
of hospital stay (LOS) and morbidity, faster recovery without increasing readmission rate, and cost reduction 
when compared to traditional  care2–8. Notwithstanding this significant improvement in modern day surgery, 
there is an interest in further optimization of the recovery pathway.

Recent studies have demonstrated that an accelerated enhanced recovery protocol (ERP), with discharge on 
the day of surgery to three days after surgery, is feasible for specific patients without compromising patients’ 
safety or increasing postoperative  risks9–16. These results were obtained from studies that have explored ERPs 
with a modified preoperative, anaesthetic and postoperative protocol, or modified postoperative care with home 
visits or monitoring using a smartphone  application12.

Although the evidence is limited, optimizing the ERP appears to be feasible. To date, uncertainty remains 
regarding the optimal format of an accelerated ERP. There is a certain ambiguity on which patients are suitable 
for the accelerated ERP and what benefits this protocol offers surgical patients. Moreover, the advantageous 
impact on increasing healthcare costs remains  speculative6.

The aim of this study is to determine feasibility and safety of the CHASE protocol, a 23-h admission enhanced 
recovery protocol, for patients undergoing colon surgery.

Methods
Study design. This prospective, single-center study was conducted in a large Dutch teaching hospital (Zuy-
derland Medical Center, the Netherlands). Patients diagnosed with malignant colon disease were assessed for 
eligibility and enrolled in the surgical outpatient clinic between June 2020 and August 2021. Patient data were 
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collected at baseline, perioperatively and at 30-days follow-up. Patients operated for colon cancer in 2018, who 
met the inclusion criteria, served as a control group.

Study population. Patients diagnosed with (non-complicated) colon cancer upon colonoscopy were 
screened for eligibility and included if they met the following inclusion criteria: aged ≥ 18 years ≤ 80, American 
Society of Anesthesiologists (ASA) classification I-II, BMI ≤ 35 kg/m2, readily available ambulant care (provided 
by an adult family member) for the first 24 h after discharge and adequately reachable by phone. Furthermore, 
patients had to be scheduled for an elective colon resection (right or left hemicolectomy, transverse colon resec-
tion, sigmoid resection) with primary anastomosis performed intracorporeally.

Exclusion criteria were ASA classification ≥ III, limited mobility and/or in need of assisted mobilizing, a 
history of an active pulmonary infection or any other active infection or uncontrolled medical disease, contra-
indication for oral Non-Steroidal Anti-Inflammatory Drugs (NSAID) or spinal anesthesia, parenteral nutrition 
required prior to surgery, mental or physical limitations in activities of daily living, rectal resection or creation 
of an ostomy, and perioperative complications.

Ethical approval was obtained from the local Medical Research Ethics Committee (MREC) Zuyderland 
(NL71804.096.19). This study was conducted according to the ethical standards of the Helsinki Declaration of 
 197517. All patients provided written informed consent prior to inclusion.

Baseline assessment. After inclusion, all patients were screened by the anesthesiologist. This screening 
consisted of a complete cardiopulmonary physical examination, electrocardiogram on indication and routine 
laboratory workup. Patients were excluded from the study if any contraindication for participation was present.

In addition, all patients underwent routine preoperative work-up, which consisted of a standard consultation 
with the clinical dietician who would screen for malnutrition with the Short Nutritional Assessment Question-
naire (SNAQ) and a consultation with the nurse practitioner for information and education about the CHASE 
study and  protocol18. This included patient expectation management and screening of patient frailty with the 
Groningen Frailty Indicator (GFI)19.

The CHASE‑protocol. The 23-h ERP of Levy et al.9 was minimally adjusted and introduced for this study. 
This protocol comprised of modifications in the pre-, peri- and postoperative care. All steps of the protocol are 
described in Table 1. Initially, patients received a combination of spinal anesthesia with bupivacaine-glucose 
and morphine intrathecally prior to general anesthesia. After the first 9 included patients, this was switched 
to intrathecal Prilocaine in combination with total intravenous anesthesia (TIVA), because of an increase in 
the incidence of nausea and urinary retention postoperatively. The remaining included patients received spinal 
anesthesia with 60-80 mg Prilocaine (weight based).

Outcomes. The primary study outcome was the success-rate of the 23-h accelerated  enhanced recovery 
protocol. The success was defined as a minimum of three quarters (75%) of patients who could be discharged 
home on postoperative day 1.

Secondary outcome measures were readmission, postoperative complications and mortality rate ≤ 30 days 
after surgery. In addition, safety was measured by means of incidence of severe postoperative complications 
defined as Clavien Dindo (CD) IIIb and above. The patient satisfaction was assessed in an evaluation form (see 
supplementary form S1.1).

Outcomes of the CHASE population were compared to a retrospective cohort of patients operated in 2018.

Statistical analysis. To study the success and safety of this ERP, the aim was to include thirty patients. By 
adjusting the medication for the spinal anesthesia, the study population was expanded to 40 patients. Normality 
was tested using the Shapiro–Wilk test. Normally distributed continuous variables were presented as means with 
the standard deviation (SD) and non-normally distributed variables as medians with the Inter Quartile Range 
(IQR). Depending on the normality of data, differences between the two groups were examined using independ-
ent sample T-test or Mann–Whitney-U test for continuous data. The Chi-square test and Fisher exact test were 
used to analyze differences in binary and nominal data.

Multivariate regression analysis was performed to evaluate the effect of the CHASE protocol on length of hos-
pital stay, complication and readmission rate. Confounding factors were adjusted for in these analyses included 
the following: age, gender, Charlson Comorbidity Index (CCI)20–24. Statistical analyses were performed using 
Statistical Package for the Social Sciences for Windows (version 25.0; IBM, SPSS Inc., Chicago, IL, USA). Statisti-
cal significance was set at p < 0.05.

Results
Between the 1st of June 2020 and the 13th of August 2021, a total of 225 patients were assessed for eligibility 
for participation. Sixty-seven patients met the inclusion criteria of which 44 consented to participate. Three 
patients were excluded; two patients due to conversion to open surgery and one patient due to deviation from the 
anesthesia protocol. A flowchart for the CHASE cohort is presented in Fig. 1. Of the historical cohort, patients 
operated in 2018, 75 patients met the inclusion criteria for the CHASE study. Figure 2 shows the flowchart for 
this retrospective cohort.

Patient characteristics. Demographic characteristics of the study patients and retrospective cohort are 
shown in Table 2. Patients were significantly younger (median 67.0 versus median 72.6 years), more likely to be 



3

Vol.:(0123456789)

Scientific Reports |        (2022) 12:20707  | https://doi.org/10.1038/s41598-022-25022-7

www.nature.com/scientificreports/

Table 1.  CHASE Enhanced Recovery Protocol.

Preoperative

Dedicated preoperative counseling, which entailed i.e. expectation management by the anesthesiologist;
Baseline assessment with physical examination, electrocardiogram on indication and standard laboratory 
work-up;
Nutritional screening by dietician, which included the Short Nutritional Assessment questionnaire;
Fasting 6 h prior to surgery for solid food and 2 h prior to surgery for liquids
Oral carbohydrate loading for non-diabetic patients at least 2 h prior to surgery;
Bowel preparation with bisacodyl (2 tablets of 5 mg the night before surgery and 1 tablet the morning of 
surgery) for patients scheduled for left-sided colon surgery
Patients were admitted at 07:00 AM to the surgical ward; their operation scheduled as second or third opera-
tion of the day;
Preoperative analgesia with 1000 mg Paracetamol and 600 mg Gabapentin (300 mg if glomerular filtration 
rate < 60 ml/min or age > 70 years);
Ambulation to the operation theatre

Intraoperative

Spinal anesthesia (Prilocaine) prior to induction of general anesthesia;
The use of short-acting total intravenous anesthesia (propofol, remifentanil and ketamine (analgesic dosage) 
in combination with the pre-induction spinal anesthesia;
Restrictive fluid management with continuous perfusion of Ringer Lactate 3 ml/kg/h;
Deep neuromuscular blockade (Rocuronium bromide perfusion)
Lung protective ventilation (Total Volume 6–8 ml/kg; minimum FiO2 and optimal PEEP)
Adequate temperature regulation with forced air warming and core temperature monitoring;
Starting intra-abdominal pressure at 12 mmHg with a gradual decrease to 8  mmHg29,30

Minimally invasive surgery with intracorporal  anastomosis31–37

Extraction of specimen through a suprapubic Pfannenstiel incision, no additional mini-laparotomy 
 performed38

Postoperative—Directly

Postoperative pain management consisted of Paracetamol(4 × 1000 mg), Meloxicam (1 × 7.5 mg daily for 
3 days). If indicated, 5–20 mg Oxynorm (per os) or opioids in the form of Piritramide (intravenously) were 
given;
Intake and gastro-intestinal motility were stimulated by offering an ice lolly on the recovery ward;
On the surgical ward, intake and mobilization were actively stimulated;
If an urinary catheter was placed; this was removed before 10:00 PM on the surgical ward;

Postoperative day (POD) 1

Routine physical examination by the ward physician;
Evaluation of recovery and readiness for discharge. Patients were considered ‘functionally recovered’ and safe 
for discharge if they met the following criteria:
Adequate analgesia with oral analgesics, VAS < 4;
No symptoms of nausea or vomiting;
Presence of flatus or the passing of stool;
Oral intake possible;
Spontaneous micturition;
Ability to mobilize independently;
Absence of abnormal vital signs (e.g. fever, tachycardia, hypotension, dyspnea or somnolence)
Expectation management regarding postoperative recovery and provision of an information booklet about 
postoperative recovery

After discharge

Telephonic aftercare was conducted by the nurse on the evening of discharge (POD 1) and by the nurse prac-
titioner on postoperative day 4 to evaluate recovery and assess the presence of abnormal vital signs;
Appointment in outpatient clinic one week after discharge to receive the pathology results and consequent 
treatment plan
Evaluation of patients’ experience with the CHASE protocol (see Supplementary form S1.1)

Figure 1.  Consort diagram. Flowchart CHASE cohort.
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male (65.9% versus 44.0%), and had a lower Charlson Comorbidity Index score (mean 4.22 versus 5.03) in the 
CHASE cohort compared to the retrospective cohort. Other demographic characteristics were mostly similar. 
No differences in surgical procedures were observed.

Primary outcome. Length of hospital stay. Of the 41 patients included in the “CHASE” ERP, 33 (80.5%) 
patients were discharged on postoperative day 1 of the initial admission. All patients were discharged within 
3 days after surgery. Reasons for prolonged admission were rectal blood loss (n = 3), bladder retention (n = 2), 
pain (n = 2) and nausea (n = 1) (see Table 3 and Supplementary Table S1.2). Compared to the retrospective co-
hort, length of hospital stay was significantly shorter in the CHASE cohort (p = 0.000), see Table 3.

Secondary outcome. Readmission. Over the course of this study, seven patients (17.1%) were readmit-
ted. Six of the readmissions occurred among the 33 patients discharged within 23 h after surgery (18.2%). Main 
reasons for readmission were ileus (n = 2) and rectal blood loss (n = 2). Readmission rate was higher in the 

Figure 2.  Consort diagram. Flowchart retrospective cohort.

Table 2.  Patient characteristics; median (interquartile range). 1 BMI body mass index; 2ASA American 
Society of Anesthesiologists physical status classification system; 3CCI Charlson Comorbidity Index score; SD: 
standard deviation.

CHASE cohort (n = 41) Retrospective cohort (n = 75) p-value

Age (years) 67.0 (57.0–73.0) 72.6 (63.6–75.7) 0.007

Sex (male) 27 (65.9%) 33 (44.0%) 0.024

BMI1 (kg/m2) 26.4 (23.0–29.3) 25.6 (23.6–29.0) 0.797

Comorbidity; n (%) 24 (58.5%) 53 (70.7%) 0.186

History of abdominal surgery 14 (34.1%) 24 (32.0%) 0.814

Cardiovascular disease 10 (24.4%) 41 (54.7%) 0.002

Pulmonary disease 4 (9.8%) 9 (12.0%) 1.000

ASA2 score; n (%) 0.156

I 1 (2.4%) 8 (10.7%)

II 40 (97.6%) 67 (89.3%)

CCI3; mean (SD) 4.22 (1.24) 5.03 (1.48) 0.004

Surgical procedure; n (%)

Left hemicolectomy 3 (7.3%) 6 (8.0%)

Right hemicolectomy 19 (46.3%) 28 (37.3%)

High anterior resection 18 (43.9%) 37 (49.3%)

Transverse colectomy 1 (2.4%) 1 (1.3%)

Total colectomy 0 1 (1.3%)

Subtotal colectomy 0 2 (2.6%)
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CHASE population (17.1% vs. 5.3%, p-value 0.051). In the CHASE cohort, all readmissions occurred within 
2 days after discharge.

Surgical outcomes. Thirteen patients (31.7%) developed postoperative complications within 30 days after sur-
gery: most often gastro-intestinal complications, such as an ileus (see Supplementary Table S1.3). Of the patients 
discharged within 23 h, nine patients developed a complications (27.3%). Serious adverse events (CD ≥ IIIb) 
occurred in two patients (4.9%) in the CHASE cohort requiring reoperation; one patient developed an anasto-
motic leakage and one patient suffered from a trocar hernia. Median length of hospital stay during readmission 
was 5 days for patients who were readmitted. Reasons for readmission are shown in Supplementary Table S1.4.

In comparison to the retrospective cohort, no difference was observed in complication rate (p-value = 0.565), 
but severe complications (CD≥ IIIb) were observed more frequently in the retrospective cohort. Six patients in 
the control group suffered from serious adverse events; four patients developed anastomotic leakage, one patient 
developed small bowel ischemia, and one patient an abscess which required drainage. No patients died within 
30 days after surgery in both groups.

Multivariate regression analysis was used to test if the CHASE protocol had a significant effect of the length 
of stay when correcting for confounders. After correction for the confounding factors (age, sex, CCI) the CHASE 
protocol demonstrated to significantly reduce length of hospital stay (p = 0.000). Readmission rate (p = 0.067, 
odds-ratio 3.673) and complication rate (p = 0.652, odds-ratio 1.229) did not statistically differ between groups 
after correction for confounders.

Patient satisfaction. Evaluation forms assessing patients’ satisfaction were returned by 39 patients (95%). The 
CHASE protocol was positively reviewed by the majority of patients. Eighty-seven percent of patients rated the 
program as an 8 or higher on a scale of 10.

Discussion
The results of this study demonstrated feasibility and safety to discharge selected patients within 23 h after colon 
surgery with help of an accelerated enhanced recovery protocol.

The “CHASE” protocol entailed modifications of the enhanced recovery protocol by the adaptation of three 
key factors; minimally invasive surgery with intracorporeal anastomosis; optimal fluid management, and optimal 
analgesia through a combination of spinal-general anesthesia technique (TIVA) with short acting opioids. Results 
of the CHASE study demonstrated the success of this protocol as 33 patients out of 41 patients were successfully 
discharged on postoperative day 1. Patients treated according to the CHASE protocol experienced a lower rate of 
severe complications (CD ≥ IIIb). Overall, length of hospital stay was significantly shorter in the CHASE cohort. 
Both postoperative complications and readmissions did not statistically differ between groups after correcting 
for confounders upon multivariate regression analysis.

Successful and safe application CHASE protocol. Discharge on postoperative day 1 was successful 
for 80.5% of the patients in the CHASE cohort, effectuating a significant decrease in LOS when compared to the 
retrospective cohort. The LOS in the Zuyderland Medical Center had already been improved by peri-operative 
education of expected day of  discharge25. The high rate of successful discharge on postoperative day 1 is similar 
to the report of Levy et al. who found that discharge on postoperative day 1 or on day of surgery was feasible for 
all the ten included  patients9.

Table 3.  Hospital and surgical data; primary and secondary outcomes. NA not applicable; *In median days.

CHASE population (n = 41) Retrospective cohort (n = 75)  p-value

Primary length of hospital stay*

1 day 33 (80.5%) 0 0.000

2 days 6 (14.6%) 9 (12.0%)

3 days 2 (4.9%) 38 (50.7%)

 > 3 days 0 28 (37.3%)

Re-admission < 30 days 7 (17.1%) 4 (5.3%) 0.051

Readmission of patients discharged ≤ 23 h (n = 33) 6 (18.2%) NA

Length of stay readmission* 5 (IQR 2–10) 6 (IQR 4–7) 0.870

Complication; n (%) 13 (31.7%) 20 (26.7%) 0.565

Complication among patients discharged ≤ 23 h (n = 33) 9 (27.3%) NA

Clavien Dindo grade 0.867

0 28 (68.3%) 56 (74.7%)

I–IIIa 11 (26.8%) 13 (17.3%)

IIIb–IV 2 (4.9%) 6 (8.0%)

Re-intervention within 30 days 2 (4.9%) 8 (10.0%) 0.491

30-day mortality; n 0 0
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Readmission rate observed in the CHASE population was higher than in the retrospective cohort. Nonethe-
less, considering the reasons for readmissions the relationship with the CHASE protocol is highly debatable. 
Importantly, readmission did not affect morbidity as complication rates were similar in both groups and more 
severe complications occurred in the retrospective cohort. Previously reported readmission rates following 
accelerated enhanced recovery varied from 0–14%9,11,12,26. The higher rate of readmission in the CHASE cohort 
(17.1%) must be interpreted with caution as the reason for readmission may not be related to the CHASE 
protocol. Differences with previous studies can be explained by the fact that other studies had a smaller study 
 population9,26, a younger patient  population9,11,12,26 and also included patients with benign  pathology9,11,12 and 
patients undergoing stoma  closure12. Other factors that could have contributed to fewer readmissions involve 
inclusion of robotic  resections26, and exclusion of patients with an age > 75 years, a BMI >  289, or significant 
 comorbidities11,12,26. Some studies also excluded patients with a history of perforated sigmoid diverticulitis or 
midline  laparotomy11, or a history of severe postoperative nausea or  vomiting9,26. Furthermore, patients in the 
study of Gignoux et al. received daily ambulatory care by the homecare nurse for the first 10 postoperative days 
and laboratory analysis was performed on postoperative days 1, 3 and 7. Patients in the study of Lee et al. were 
requested to fill in an online survey on a daily basis upon postoperative day  712. These interventions potentially 
reduced the need for readmission. On the other hand these studies did include patients with rectal cancer requir-
ing more complex surgical resections or patients with ASA score of  III11,12,26.

The protocol for accelerated recovery varied between studies; an important difference was the administra-
tion of local anesthesia or an abdominal plane  block11,12 instead of spinal anesthesia. No information regarding 
abdominal pressure during surgery was  given9,11,12,26.

A key concern of accelerated recovery is that patients are exposed to a major risk if they develop life-threat-
ening complications within the early postoperative period while they are at home. Results of this study demon-
strated the safety of the CHASE protocol since the complication rate did not differ between both groups and the 
number of severe complications decreased. The morbidity rate and the low incidence of severe complications is 
consistent with the  literature11,12,26.

When comparing the CHASE study to other studies, informing patients about the benefits of reduced hospital 
stay, adequate pain management and stimulation of intake and mobilization were also frequently implemented 
in other accelerated recovery  pathways11,12,26. Studies determining the effects of low intra-abdominal pressure 
during laparoscopy demonstrated reduction of postoperative pain  scores27,28. Presumably, all these factors have 
contributed, to a greater or lesser extent, to the rapid recovery.

Limitations. The results of this study must be interpreted with awareness of several limitations. First, the 
design of this study is a prospective single center cohort study. We compared the outcomes with a retrospective 
cohort from 2018 with an improved ERP by means of peri-operative education of expected day of  discharge25. 
Although inclusion criteria were strict, which resulted in a rather homogeneous population, the moment of 
surgery and admission might have affected outcomes. Moreover, this study involves a small study sample, which 
could limit the applicability of the results to the entire patient population. In addition, study patients were 
selected, with less than half of patient eligible for the CHASE protocol. Generalizability to other patient popula-
tions may be limited, nonetheless the majority of eligible patients were willing to participate in this study. The 
proximity and accessibility of referral hospitals in the Netherlands are favorable, which could have aided in the 
safety aspect of this protocol. Perhaps for other (non) Western countries with longer distances between patient 
residence and hospital; the CHASE protocol would be less attractive.

The first nine patients included in this study received local anesthetics and spinal anesthesia with Morphine 
intrathecally. Due to the increase in nausea and urine retention, spinal anesthesia with Prilocaine intrathecally 
and total intravenous anesthetic substituted the spinal anesthesia with Morphine. This resulted in a decrease in 
side effects. As this modification during the study might have affected the postoperative outcomes, the study 
population was extended with ≥ ten patients (from thirty patients to forty-one patients). The CHASE protocol 
consisted of several modifications to the current ERAS protocol, therefore this study is not able to identify the 
factor(s) that had the highest impact on the success and safety of the accelerated recovery with the CHASE 
protocol.

Strengths. Strengths of this study include the detailed ERP which was strictly adhered to, a well-trained 
multidisciplinary team which consisted of all involved healthcare providers and which was easy to reach for the 
patients.

Future studies should focus on assessing the success and safety of this accelerated recovery protocol in a 
larger study population. Moreover, the applicably of this study protocol to other patient populations, e.g. ASA 
III or older patients, could be explored. In further investigations, evaluation cost-effectiveness of accelerated 
recovery is recommended.

Conclusion
This was the first reported study conducted in the Netherlands to assess the feasibility and safety of a 23-h 
enhanced recovery protocol for colorectal cancer surgery. This study demonstrated that the CHASE enhanced 
recovery protocol is successful and safe for selected patients undergoing minimally invasive surgery for colon 
cancer.

Most patients were discharged within 23 h after surgery and few patients developed a major complication. 
In addition to the clinical benefits of the program, patient satisfaction was high as the vast majority of patients 
appraised the program positively.
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Data availability
Data supporting the results reported in the article can be accessed and electronically shared upon written request 
to the corresponding author either via email or post. Prior to data sharing, all data will be anonymized.
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