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Identification of reasons and causative factors for prolonged lengths of stay (LOS) after elective 
colorectal surgery in patients with uneventful postoperative recovery. A prospectively maintained 
database of colorectal cancer (CRC) patients between 2019 and 2021 was reviewed. Peri-operative 
parameters were evaluated to identify risk factors for prolonged LOS. Uneventful postoperative 
recovery was defined as Clavien-Dindo (CD) Complication Grade 0. 181 patients had uneventful 
postoperative recovery. 30 (16.7%) patients had delayed discharge, the underlying reasons 
were ongoing physiotherapy assessment for discharge (N = 11), caregiver training for stoma/
drain (N = 6), family/patient confidence and or pending community placement for continuation of 
postoperative rehabilitation (N = 14). Factors such as pre-operative status of activity of daily living 
(ADL) and community ambulance, stoma creation, and high dependency (HD) ward admission were 
independently associated with delayed discharge. Multiple factors accounted for delayed discharge 
in in patients after elective surgery for CRC. Pre-operative identification and intervention to some of 
these factors might pave the way to reduce the overall length of hospitalization.
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Background
Colorectal cancer (CRC) is one of the commonest cancers worldwide and surgery remains the mainstay of 
treatment in non-metastatic colorectal cancer1. Over the past decade, adopting a laparoscopic approach has 
superseded the traditional open approach as the standard of care in colorectal resection due to more favourable 
peri- and post-operative complication rates, as well as lower length of stay (LOS)2 3 4. Enhanced recovery after 
surgery (ERAS) has also been widely adopted, which are pre-, peri- and post-operative care protocols that use 
a multimodal evidence-based framework for better post-operative care outcomes5 6 7. Together, these have 
improved various surgical outcomes following elective laparoscopic colectomies8.

Most CRC patients undergoing elective laparoscopic colectomy also do not develop severe post-operative 
complications, with only about 10–12% classified as Clavien-Dindo (CD) grade 3 and above9 10. However, 
literature has suggested the possibility of mismatch between clinical fitness for discharge and actual date of 
discharge11 12 13 14. Maessen and colleagues, for example, found that 87% of ERAS patients in their study were not 
discharged on the day that clinical discharge criteria were met15.

Within the local context, Singapore has been experiencing a “bed crunch” due to the combination of a 
rapidly ageing population, rising rates of patients with complex conditions preventing discharge, and increasing 
incidence of cancer cases16 17. This echoes the situation found in other developed healthcare systems including 
the UK and Australia18 19. Since 2019, the Singapore Ministry of Health has also been promoting Value Driven 
Care/Outcomes (VDC/VDO) in all tertiary public hospitals20. The objective of VDC is to pursue the most cost-
effective treatment modalities and pathways while still maintaining a high quality of care delivery21 22, and one 
of the largest contributing factors to high healthcare costs within the VDC framework has undoubtedly been 
hospitalisation.

Moreover, prolonged LOS has a negative impact not just on healthcare costs and workflow, but also on patients 
themselves due to concomitant issues such as hospital-associated nosocomial risks and deconditioning23 24. The 
objective of this study was therefore to identify causative medical and sociodemographic factors leading to 
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prolonged LOS despite no post-operative morbidity, in a retrospective cohort of CRC patients who underwent 
elective laparoscopic surgery.

Method
A prospectively maintained cohort database was reviewed. We included all colorectal cancer patients who 
underwent elective laparoscopic colorectal resection between 2019 and 2021 in a single Asian tertiary colorectal 
centre (i.e., National University Hospital, Singapore).

Data extracted was categorized into demographic, pre-, peri- and post-operative data. Demographical data 
extracted were age, gender, and ethnicity. The collected pre-operative data included body weight, body mass 
index (BMI), pre-existing co-morbidities, American Society of Anesthesiologists25 (ASA) physical status grade, 
as well as pre-surgical biochemical results (i.e., haemoglobin levels (g/dL), total white blood cell count (x109/L), 
urea levels (mmol/L), sodium levels (mmol/L), potassium levels (mmol/L), albumin levels (g/dL), creatinine 
levels (mmol/L) and haematocrit levels (%). The collected peri-operative data included, estimated blood loss 
(EBL) (ml), duration of surgery (minutes), type of procedure (i.e. colon or rectum), stoma creation and intra-
operative opioid use. We also collected post-operative data, including patient-controlled analgesia (PCA) use, 
post-operative opioid use, surgical high dependency (SHD) ward admissions, length of stay (LOS), community 
ambulance status as well as status of activities of daily living (ADL).

We defined uneventful postoperative recovery as patients with CD complication grade 0. Those with 
CD grade 1 or above complications were categorised as post-operative clinical complication group. Delayed 
discharge was defined as a total LOS of more than 5 days, derived from a review of the median and mean LOS 
amongst the seven public hospitals in Singapore, which is aligned with the VDC guidance from the Ministry 
of Health for colectomies26–27. Frequencies, proportions, and bivariate analyses were used to draw comparisons 
between CD-0 patients with delayed discharge versus patients with no delayed discharge. LOS was defined as the 
total length of stay including day of operation. Chi-square test and independent samples t-test was utilized for 
categorical and continuous parameters respectively. Forward logistic regression was also performed to identify 
contributors of delayed discharge amongst patients with uneventful postoperative recovery.

Patient-reported outcome measures (PROM) were not captured as the information was not routinely 
included in our national electronic medical records as part of usual clinical care.

Results
Patients’ demographics
A total of 386 patients were identified in the prospective database. A total of 181 patients had uneventful 
postoperative recovery and formed the study group 151 (83.4%) patients had no delayed discharge and the 
remaining 30 (16.7%) had delayed discharge despite uneventful postoperative recovery. Table 1 highlights the 
comparisons in demographic characteristics between patients with no delay discharge and delayed discharged.

The reasons for delayed discharge in the uneventful postoperative recovery cohort (N = 30) was classified into 
five categories, namely: prolonged inpatient physiotherapy/occupational therapy for fitness for safe discharge 
(N = 11), patient and or family members lack of confidence for home despite suitable for discharge (N = 7), 
awaiting step-down care (N = 6), extra sessions for caregiver training for drain/stoma care (N = 6) and ongoing 
social worker review for community placement planning (N = 1) (Fig. 1).

Pre-Operative parameters
Table 2 highlights the difference in the peri-operative outcomes between patients with no delay discharge and 
delayed discharged. Compared to patients with no delayed discharge, patients with delayed discharge group 
had significantly higher urea levels (4.72 [4.39–5.04, 95% CI] Vs 5.83 (5.16–6.51, 95% CI), p = 0.005) and lower 
albumin levels (38.6 (37.70-39.49, 95% CI) Vs 35.48 (33.50-37.46, 95% CI), p = 0.02) pre-operatively. However, 
albumin was omitted from subsequent analyses because only a total of 100 (55.2%) patients had their pre-
operative albumin levels reported.

No Delayed Discharged
(N = 151)

Delayed Discharge
(N = 30) p-value

Age Mean, 95% CI 63.83 (61.94–65.71) 68.01 (64.54–71.60) 0.064

Gender, N (%) Male 78 (51.66) 20 (66.67)

Female 73 (48.34) 10 (33.33) 0.132

Race, N (%) Chinese 112 (74.17) 25 (83.33)

Others 39 (25.83) 5 (16.67) 0.356

BMI, Kg/M2 Mean, 95% CI 24.50 (23.74–25.26) 25.05 (22.92–27.17) 0.578

Comorbidities, N (%) No 42 (27.81) 5 (16.67)

Yes 109 (72.19) 25 (83.33) 0.258

ASA, N (%) I 5 (3.31) 2 (6.67)

II 111 (73.51) 16 (53.33)

III 35 (23.18) 12 (25.53) 0.062

Table 1.  Baseline characteristics of uneventful postoperative recovery patients with delayed and no delayed 
discharges.
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Intra- and Post-Operative parameters
Table  3 compared the intra- and post-operative parameters between the two groups. Patients with delayed 
discharge reasons had significantly higher average EBL (80 (66.92–93.81, 95% CI) Vs 146 (75.34-217.66, 95% 
CI), p = 0.003) and longer surgery duration (228 (214.03-241.95, 95% CI) Vs 298 (214.03-241.95,, 95% CI), 
p < 0.001). There were also statistically significant associations between these two groups with stoma creation 
(X2(1, 181) = 9.37, p = 0.002) SHD admission (X2(1, 181) = 31.10, p < 0.001), ADL status (X2(1, 173) = 5.43, 
p = 0.02) and community ambulance (X2(1, 166) = 10.75, p = 0.001).

To understand the factors that contributed to prolonged hospitalisation despite uneventful postoperative 
recovery, a forward logistic regression analysis was conducted, regressing delayed discharge (Y/N) on 
relevant patients’ demographics, pre-operative parameters, intra- and post-operative parameters (Table 4 and 
Supplementary Table 1). The model was statistically significant (F(10, 157) = 39.49, p < 0.001, adjusted R2 = 0.268).

The logistic regression suggests that delayed discharge in patients with uneventful postoperative recovery 
was significantly associated with SHD admission (OR = 5.162, SE = 3.050, 95% confidence interval (CI)= [1.621, 
16.433], z = 2.78, p = 0.005).

Discussion
The objective of the current study was to evaluate factors for prolonged hospitalization after elective laparoscopic 
colorectal resection in patients with uneventful postoperative stay. The factors we identified can be broadly 

No Delayed Discharged
(N = 151)

Delayed Discharge
(N = 30) p-value

Haemoglobin levels, g/dL Mean, 95% CI 12.86 (12.27–13.46) 11.77 (11.07–12.46) 0.114

Total white blood cell count, x109/L Mean, 95% CI 7.06 (6.69–7.43) 7.03 (6.04–8.02) 0.951

Urea levels, mmol/L Mean, 95% CI 4.72 (4.39–5.04) 5.83 (5.16–6.51) 0.005

Sodium levels, mmol/L Mean, 95% CI 139.43 (139.00-139.86) 139.03 (138.26–139.80) 0.438

Potassium levels, mmol/L Mean, 95% CI 4.06 (3.97–4.15) 4.06 (3.93–4.20) 0.977

Albumin levels, g/dL Mean, 95% CI 38.60 (37.70-39.49) 35.48 (33.50-37.46) 0.002

Creatinine levels, mmol/L Mean, 95% CI 82.67 (66.64–98.70) 91.77 (69.80-113.73) 0.628

Haematocrit levels, % Mean, 95% CI 37.96 (37.07–38.86) 37.13 (34.33–39.94) 0.483

Table 2.  Comparison of pre-operative parameters of uneventful postoperative recovery patients with no 
delayed and delayed discharges.

 

Fig. 1.  Elective Laparoscopic Colorectal resection outcomes and LOS in patients with uneventful postoperative 
recovery.
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classified into complexity of the surgery, stoma-related care, insufficient social support, frailty, and doctor/
patient choice28. Recent meta-analysis of RCTs by Sauro and colleagues found that implementation of ERAS 
guidelines has been consistently effective at reducing LOS and post-operative complication rate29. Similarly, 
some of these factors have also been shown in existing literature to contribute to the delayed discharges from 
hospital despite the implementation of ERAS programmes in colorectal surgery30. Promisingly, this group of 
patients can potentially be identified pre-operatively to allow for early education, prehabilitation and placement 
allocation, and in so doing decrease post-operative LOS31, which can reduce the economical healthcare burden 
incurred by preventable prolonged hospitalisation.

In our previous work, we found that admission to SHD was independently associated with prolonged LOS32. 
In fact, admission to SHD did not result in earlier detection or treatment of surgical complications but may have 
instead resulted in delay in initiation of physiotherapy and diet, leading on to delays in mobility and discharge. 
Thus, we proposed a review of the necessity of SHD admission following elective colorectal surgery33. With 
lessons gleaned from the COVID pandemic, continuous monitoring is now possible from wearable electronic 
devices and wireless technology, which may mean that these “higher-risk” patients may be safely transferred to 
the general ward after surgery, which may reduce their LOS34.

The need for post-operative rehabilitation and patients with a poor social set-up also required longer hospital 
stays despite being medically fit to be discharged earlier. This is likely also pertinent to other patients going for 
abdominal surgery in an ageing population. Some of these patients underwent therapy in the tertiary hospital 

Variable OR Std. Err z P >|z| 95% CI OR

Lower Upper

Demographics

 Sex 0.57 0.323 − 0.99 0.322 0.188 1.733

 Age 0.995 0.026 − 0.18 0.854 0.945 1.048

 BMI 0.926 0.049 − 1.46 0.145 0.826 1.027

Pre-operative parameters

 Urea levels 1.199 0.125 1.74 0.082 0.977 1.472

Intra-operative parameters

 Estimated Blood Loss 1.001 0.002 0.37 0.709 0.996 1.006

 Duration of surgery 1.006 0.003 1.94 0.052 1 1.013

 Stoma Creation (Y/N) 0.914 0.721 -0.11 0.909 1.621 4.289

Post-operative parameters

 SHD admission (Y/N) 5.162 3.05 2.78 0.005 1.621 16.433

 ADL Independent (Y/N) ,622 0.695 -0.43 0.671 0.0696 5.557

 Community ambulant (Y/N) 0.212 0.209 -1.57 0.115 0.0309 1.461

Table 4.  Delayed discharge (Y/N) regressed on relevant patients’ characteristics and parameters

 

No Delayed Discharged
(N = 151)

Delayed Discharge
(N = 30) p-value

Estimated Blood Loss, ml Mean, 95% CI 80.36 (66.92–93.81) 146.50 (75.34-217.66) 0.003

Duration of Surgery, Min Mean, 95% CI 228.00 (214.03-241.95) 298.03 (257.97–338.10) < 0.001

Type of Procedure, N (%)
Colon 60 (39.74) 10 (33.33)

Rectum 91 (60.26) 20 (66.67) 0.511

Stoma Creation, N (%)
No 142 (94.04) 23 (76.67)

Yes 9 (5.96) 7 (23.33) 0.002

Intra IV Opioid, N (%)
No 6 (4.14) 0 (0.00)

Yes 139 (95.86) 29 (100.00) 0.591

PCA, N (%)
No 80 (52.98) 14 (46.67)

Yes 71 (47.02) 16 (53.33) 0.554

SHD Admission, N (%)
No 127 (84.11) 11 (36.67)

Yes 24 (15.89) 19 (63.33) < 0.001

ADL, N (%)
No 10 (6.94) 6 (20.69)

Yes 134 (93.06) 23 (79.31) 0.020

Community Ambulant, N (%)
No 12 (8.76) 9 (31.03)

Yes 125 (91.24) 20 (68.97) 0.001

Table 3.  Comparison of intra- and post-operative parameters among uneventful postoperative recovery 
patients with no delayed discharged and delayed discharge.
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setting, while others required application to a stepdown facility (e.g., community hospital) for a longer-term 
rehabilitation programme. The delay in the initiation and eventual transit to the various rehabilitation facility 
added considerable time to LOS despite the absence of any post-operative morbidity. It may be intuitive to 
assume that the family members could have taken a bigger role in the post-operative care of these patients. If the 
patient is an elderly, the spouse is likely to be of similar age and hence may not be fit or able to assist the patient. 
In addition, with birth rates hitting record lows across many countries worldwide, these patients may be single 
and have no one to take care of them after surgery. In addition, even if they do have children, it is not uncommon 
that they would be working adults and also have children of their own to take care of. Hence, transiting to a step-
down facility or hiring a domestic helper are common solutions. The process of hiring a domestic helper and to 
train them to be competent in caring for the patients will also take considerable time. Many of these issues are 
often not obvious until after the patients have undergone the surgeries.

In our institution patient are clinically assessed for frailty by our dedicated ERAS nurse during pre-operative 
outpatient encounter. While frailty is increasingly emphasized as an important factor associated with surgical 
outcomes amongst colorectal cancer patients, routine prehabilitation amongst these frail patients has not been 
shown to confer any additional benefit35. This can be due to poor adherence rate, and time constraints faced 
to sufficiently provide the required anabolic stimulus to counteract surgery-related morbidity36. Moreover, 
most patients are not keen to delay any definitive treatment to their cancers which they believe would be more 
detrimental than to get “stronger” for the surgery. Future studies evaluating the role of prehabilitation ought to 
first establish a consensus on both the diagnostic criteria for frailty and the prehabilitation protocol37. Based 
on the current study results, we propose a multidisciplinary and tailored approach with geriatricians, medical 
social workers, physiotherapist, and occupational therapist to identify and assess a select group of patients pre-
operatively based on age, frailty index, presence of a dedicated caregiver and functional status. This allows for 
assessment of their suitability for early rehabilitation, caregiver training and stepdown facility application38.

Lastly, stoma formation is a known cause for delayed discharge following colorectal surgery39. This was evident 
in the current study despite the absence of stoma-related complications in the uneventful postoperative recovery 
patient cohort. In our institutional patient undergoing elective stoma creation as part of colorectal resection will 
undergo mechanical and oral antibiotics bowel preparation (MOABP) and undergo pre-operative outpatient 
education on stoma indication, function and post-operative stoma care with our dedicated stoma nurse40. In the 
immediate post-operative phase, our stoma nurse will review our patients and reinforce any shortfalls in patient 
or caregiver stoma care abilities. This suggests that post-operative stoma education and caregiver training is 
often time consuming41 and prolongs hospital stay unnecessarily in patients that are otherwise medically fit to 
be discharged. Such delays can be even more apparent in patients with surgeries performed later in the week due 
to the absence of ostomy education over the weekend. This was also demonstrated by Rashidi and colleagues 
in which Friday ostomy surgeries had the longest LOS duration42. There is increasing evidence to support the 
conduct of stoma education in the pre-operative setting43, and it should be incorporated into existing ERAS 
pathways in colorectal surgery.

Limitations
There are several limitations in our study. It is a retrospective study with risk of confounding bias as delayed 
discharge is likely to be multi-factorial. Important contributors to LOS such as sociodemographic and 
psychosocial factors were unable to be acquired due to the limitations of the retrospective design of this study. 
Potential future studies to consider a prospective cohort approach which would allow for stratified analyses 
based on patient grouping using social economic status and level of baseline social support.

Our results are also based on our local and regional practice, as well as prevailing institutional polices. Pre-
existing patient expectations, cost and access to care could vary across institutions and countries, thus our 
findings may not be fully representative of other healthcare systems. Future retrospective and prospective studies 
should seek to use larger, multicentre cohorts to validate the findings that we have identified.

Another limitation is that patient-reported outcome measures (PROM) were not administered as part of 
standard care in this cohort – given that our findings highlight the possible contribution of social factors to 
delayed discharge, it would have been helpful to understand whether LOS could be associated with poorer 
quality of life scores (which could in turn allow for allied healthcare professionals to “predict” patients with 
poorer post-operative social support).

Conclusions
This study has shown that non-clinical reasons remain a significant contributor to delayed discharge in a 
proportion of our cohort of patients with no postoperative complications. The main factors include stoma-
related care, insufficient social support, frailty, and doctor/patient choice. Pre-operative identification of patients 
at risk of delayed discharge and implementing patient-specific optimization in the pre-operative setting should be 
looked at future studies to reduce unnecessary prolonged LOS in patients with no postoperative complications. 
From a broader perspective, our study also highlights the increasingly pertinent need to incorporate non-clinical 
patient characteristics in assessing patients’ post-operative outcomes – a lesson that could be applied beyond 
colorectal surgery.

Ultimately, we feel that institutions aligned with VDC should work to reduce LOS as this is beneficial to 
all parties involved (patients and caregivers, healthcare professionals, and institutional administrators). Such 
initiatives can work as complementary concurrent alternatives to other programmes such as the hospital-at-
home concept, which allows patients to receive the same standard of care as a general ward from the comfort 
of their own home. In an ideal future, it would not be far-fetched to imagine a risk-stratified post-operative 
framework in which the lowest risk patients with no complications can be discharged early, while patients with 
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minor complications can receive ward care at home, leaving precious hospital beds to those in need of intensive 
monitoring and urgent intervention.

Data availability
The data that support the findings of this study are not openly available due to reasons of patient data privacy, 
and are available from the corresponding author (Ker Kan Tan) upon reasonable request.
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