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Abstract
Background: Delayed discharge (DD) from hospitals disrupts patient care, increases healthcare costs, and leads to bed shortages and many 
hospital-acquired complications. In pediatric settings, especially in low- and middle-income countries, this could further strain already 
bed-constrained hospitals.

Objective: This study evaluates the efficacy of implementing a structured “Discharge before Noon (DBN)” initiative, using Lean Six Sigma 
methodology, to improve discharge efficiency and timelines in a pediatric inpatient ward.

Methods: A quasi-experimental design was used. We initiated a quality-improvement project as a multidisciplinary team (consisting of attending 
physicians, residents, staff nurses, and coordinators) by using the Six Sigma Lean method. Pre-intervention (January 2020 to December 2020) 
and post-intervention (January 2021 to December 2021) data were analyzed for 300 patients admitted to the pediatric ward (150 per group). 
The primary outcome was the percentage of DBN, which is defined as “Discharge before 12:59 PM”.

Results: The study included 300 pediatric patients with balanced pre- and post-intervention groups (n=150 each). DBN rates increased from 
3.3% (pre-intervention) to 15.3% (post-intervention) (p<0.001), with median discharge time improving from 19:00 to 16:00 (p<0.001). Process 
efficiency significantly improved, reducing mean discharge time by 38% (from 8.4 hours to 5.2 hours) and discharge summary time by 57% (from 
6.8 hours to 2.9 hours). Late discharges (>20:00) decreased by 89% (p<0.001).  During the study period, fewer than 5% of planned discharges 
were postponed due to unforeseen medical or administrative reasons, with no significant difference between pre- and post-intervention groups.

Conclusion: Our research demonstrates that a tailored DBN initiative, leveraging multidisciplinary teamwork and Lean Six Sigma, can 
significantly enhance discharge efficiency in pediatric wards of LMICs. While the improvement is substantial, sustaining these gains will require 
ongoing reinforcement, technological support, and policy integration. This model offers a scalable framework for similar resource-constrained 
settings.
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INTRODUCTION
Delayed Discharge (DD) is defined as “when a medically 
fit patient remains in the hospital as an inpatient” [1]. 
DD is considered a system‐level challenge demanding 
practical team efforts and coordination between health 
and social care [2, 3]. DD from hospitals is a major 
contributor to diminished quality of care worldwide. DD 
significantly contributes to reduced care quality through 
multiple mechanisms: increased risk of hospital-acquired 
infections [4, 5], cancellation of elective procedures, and 
significant financial burdens on healthcare systems [6]. 
Several papers have described the increased frustration 
among families and the high stress levels among staff on 
DD [7]. Length of Stay (LOS) remains a quality indicator 
for many hospitals because it is a crucial performance 
outcome measure. Timely discharges improve efficient 
patient flow, patient and staff satisfaction, alleviate bed 
shortage, and reduce length of stay and healthcare costs. 

Hospital discharge of inpatients is a complex process 
that requires collaboration among multidisciplinary 
services for a safe and effective transition from hospital 
to home [4, 6]. Many regulatory authority agencies, such 
as the Institute of Medicine (IOM) and the Institute for 
Healthcare Improvement (IHI), have emphasized the 
importance of discharge planning, identifying reasons 
for delays, and eliminating barriers [6]. 
Hospital discharge is an important biometric for 
physicians, patients, and their families. Several papers 
have been published on the various components related 
to the discharge process in high-income countries for 
adults [8-10]. White et al. (2014) reported a significant 
improvement in hospital discharge rates for inpatient 
children from 42% to 80% over 18 months of implementing 
strategies for early discharge [9]. Wertheimer et al. (2014) 
also reported that 27% of patients were discharged before 
noon after implementation of an earlier discharge project 
[10]. However, the data from low and middle-income 
countries remained scarce [11-13]. This evidence gap is 
particularly concerning given the bed capacity constraints 
and staffing challenges characteristic of LMIC healthcare 
facilities such as those in Pakistan. 
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We have a limited number of beds in the Pediatric 
ward of LNHMC. Most discharges occurred after late 
evening. These delays have resulted in three measurable 
consequences: (1) decreased parent satisfaction, (2) 
increased staff frustration and burnout among resident 
physicians and nurses, and (3) more importantly, it 
causes “choking of new admissions” [14-16]. 
To address these challenges, we implemented a 
Multidisciplinary Quality Improvement Project, 
“Discharge by Noon (DBN),” in our Paediatric ward, 
applying Six Sigma principles to streamline discharge 
processes.
The objective was to assess the impact of this 
multidisciplinary quality improvement initiative on the 
discharge before noon (DBN) rate, a key indicator of 
discharge efficiency, alongside secondary process-time 
metrics.

MATERIALS AND METHODS
A quasi-experimental (pre- and post-intervention) 
Quality Improvement (QI) initiative was conducted in a 
36-bed pediatric ward from January 2020 to December 
2021 with institutional ethical approval  (REF letter No. 
App # 0762 2022 LNH-ERC). Pre-intervention (baseline) 
data were collected from January 2020 to December 
2020. All the doctors, staff nurses, and coordinators were 
trained in December 2020. The intervention was actively 
implemented  and  outcomes measured concurrently 
during January 2021 to December 2021. We screened 
and included all children (1 month - 15 years) admitted 
to the pediatric ward. We excluded patients discharged 
from NICU/PICU/surgical units, LAMA cases, transfers, 
deaths, and unplanned midnight discharges (00:00-
08:00). The final analytical sample included 300 patients 
(150 pre-intervention, 150 post-intervention) meeting all 
eligibility criteria.
The sample size was calculated using the  PASS 2021 
sample size calculator for two independent proportions. 
Based on Wertheimer et al. (2014), a pre-intervention 
prevalence of discharge by noon of  11%  [10] and an 
anticipated post-intervention prevalence of  38% [10], 
with a 90% power and a two-sided significance level (α 
= 0.05), the estimated sample size was 62 participants 
per group. To account for potential attrition, a  20% 
dropout rate was included, yielding a final sample size 
of 156 participants (78 per group). To further improve 
the robustness of our findings and follow the subgroup 
analyses, we ultimately enrolled 150 patients in each 
group, making the final and total sample size of 300, a 
common practice in QI studies where practical enrollment 
often exceeds the minimal statistical requirement. 300 

patients (150 pre-intervention, 150 post-intervention) 
were enrolled via consecutive sampling during the study 
periods (pre-intervention: January 2020 to December 
2020; post-intervention: January 2021 to December 
2021). 
The data were collected retrospectively through medical 
records and ward logs, capturing discharge times and 
demographics. Face-to-face surveys were not conducted; 
all data were extracted from institutional documentation. 
A multidisciplinary team (consisting of attending 
physicians and residents, staff nurses and coordinators) 
was created for this QI initiative, time-based discharge 
plan. The DBN policy was implemented through repeated 
teaching sessions of attending physicians, residents, staff 
nurses and coordinators.
The intervention was structured around the Lean Six 
Sigma DMAIC framework [13]:
•	 Define:  The problem of delayed discharges was 

defined through baseline data and stakeholder input.
•	 Measure:  Pre-intervention metrics (DBN rate, 

discharge time, process time) were collected.
•	 Analyze:  Root causes of delays (e.g., fragmented 

workflows, delayed summary completion) were 
identified.

•	 Improve:  A standardized, time-based discharge 
protocol was implemented with multidisciplinary 
roles and clear deadlines.

•	 Control: Weekly audits and feedback sessions were 
held to sustain improvements.

A standardized, time-based discharge plan was 
implemented during the Improve phase, involving 
a multidisciplinary team (physicians, nurses, and a 
discharge coordinator). The process commenced one 
day prior, with key milestones: discharge planning at 
4 PM, nursing checklist completion (which includes 
components of medical fitness before discharge, parents’ 
knowledge about discharge plan) by 6 PM, discharge 
summary preparation (by resident on call) by 8 AM, 
billing initiation by 10 AM, and parent readiness by 
noon. Protocol training for staff and weekly progress 
meetings were conducted to ensure adherence. While 
‘noon’ technically begins at 12:00 hours, it could extend 
to 1259 hours, as described in previous studies [17].
The study tool comprised a piloted, standardized data 
collection sheet auditing: (1) discharge timing (primary 
outcome: departure before 12:59), (2) process delays, 
and (3) demographic/clinical variables. The tool was 
piloted for clarity before implementation.
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Data were analyzed using SPSS version 26. Frequency 
and percentages were computed for categorical variables. 
Numerical variables were summarized as medians with 
interquartile ranges (IQRs) because they were non-
normally distributed. Normal data were expressed as 
mean ± standard deviation. The normality assumption 
was tested with the Shapiro-Wilk test. Continuous 
variables (discharge times, LOS) were compared before 
and after the intervention using Mann-Whitney U tests. 
An independent t-test was used when the data were 
normally distributed. Categorical variables (DBN rates) 
were compared before and after the intervention using 
Chi-square or Fisher’s exact tests. Significance was set 
at  p<0.05. Process time reductions were calculated as 
percentage changes.

RESULTS
Patient Demographics and Clinical Characteristics
This study included 300 pediatric patients admitted to 
a tertiary care hospital’s paediatric ward, with balanced 
pre-intervention (n=150) and post-intervention 
(n=150) cohorts. Our demographic analysis revealed 
that both groups had similar baseline characteristics, 
with a median age of 3.0 (IQR: 1.0-5.0) years and 
male predominance (61.7%). The median hospital stay 
was 2 days (IQR: 1.0-3.0). There were no statistically 
significant differences in age distribution, treatment 

type, or insurance status between the groups (all p > 
0.05), thus supporting the validity of our comparative 
analysis (Table 1). 

During the study period, fewer than 5% of planned 
discharges were postponed due to unforeseen medical 
or administrative reasons, with no significant difference 
between pre- and post-intervention groups.

DBN Intervention’s Relative Effectiveness

The intervention achieved comparable DBN success 
across all demographic subgroups (all p > 0.05), with 
no significant differences by age, gender, or insurance 
status, as shown in Table 2. By implementing the 
DBN initiative, significant improvements in discharge 
efficiency were observed. In the pre-intervention 
period, only 3.3% of patients (n=5) achieved discharge 
before noon, whereas in the post-intervention group, 
it increased to 15.3% (n=23), representing a 4.5 fold 
improvement (OR: 5.02, 95% CI: 1.86-13.56, p<0.001) 
(Fig. 1).

The analysis revealed a significant reduction in 
median discharge time from 19.00 hours (IQR: 
16.00-20.00) to 16.00 hours (IQR: 14.00-17.00) and 
in mean discharge process time from 8.4 hrs to 5.2 
hrs, resulting in 38% faster discharges following the 
DBN intervention (p<0.001). The mean discharge 

Table 1: Descriptive characteristics of the study population, including demographic, clinical, and discharge process variables.

Variables Pre-Intervention 
(n=150)

Post Intervention 
(n=150) Total (n=300) p-value

Gender, n (%)

Male 87 (58) 98 (65.3) 185 (61.7)
0.191

Female 63 (42) 52 (34.7) 115 (38.3)
Age(years), Median (Q3 - Q1) 4.0 (1.0-6.0) 2.0 (1.0-5.0) 3.0 (1.0-5.0) -
Age Group, n (%)

<1 year 14 (9.3) 0 (0) 14 (4.7)

<0.0011-5 years 78 (52) 115 (76.7) 193 (64.3)

>5 years 58 (38.7) 35 (23.3) 93 (31.0)
Hospital Stay, Median (Q3 - Q1) 2.0 (1.0-3.0) 3.0 (2.0-4.0) 2.0 (1.0-3.0) -
Hospital Stay Group, n (%)

<3 days 101 (67.3) 60 (40) 161 (53.7)

<0.0013-7 days 44 (29.3) 82 (54.7) 126 (42.0)

>7 days 5 (3.3) 8 (5.3) 13 (4.3)
Treatment Type, n (%)

Medical 105 (70) 140 (93.3) 245 (81.7)
<0.001

Surgical 45 (30) 10 (6.7) 55 (18.3)
Type of Insurance, n (%)

Self-pay 92 (61.3) 90 (60) 182 (60.7)
0.906

Insurance 58 (38.7) 60 (40) 118 (39.3)
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summary time was also reduced by 57% (from 6.8 hrs 
to 2.9 hrs) in the post-intervention group (Table 3). 
After DBN implementation, discharge timing from a 
pre-intervention peak at 17:00-20:00 (n=112) shifted 
to 12:00-15:00 (n=89) post-implementation, with 89% 
reduction in late discharges (>20:00) from 27 to 3 cases 
(p<0.001) (Fig. 2).

DISCUSSION
The findings of our study suggest that implementing 
a multidisciplinary Discharge Before Noon (DBN) 
initiative significantly improved discharge efficiency 
in our pediatric ward, as evidenced by a 4.5-fold 
increase in noon discharges from 3.3% to 15.3% 
(p<0.001) and a reduction in median discharge time 
by 3 hours. Though these findings are consistent 
with international standards, they also highlight the 
distinct struggles faced by hospitals in low- and 
middle-income countries (LMICs). These insights 
contribute to the literature in several critical ways. 
For instance, while our absolute DBN rate is far 
below the 38-80% reported in higher-income settings 
(White et al., 2014; Wertheimer et al., 2014) [9, 10], 
the magnitude of improvement exceeds typical gains 
in similar interventions, likely due to our particularly 
low baseline performance. This suggests that even 
with modest investments in discharge processes, 
significant impacts can be made in LMICs where 
discharge delays are commonplace.

Table 2: Comparison of patients discharged before and after noon across various demographic and clinical risk factors.

Variables
Pre-Intervention (n=150) Post-Intervention (n=150)

Discharge by Noon
p-value

Discharge by Noon
p-value

Yes No Yes No
Gender, n (%) 
Male 3 (60) 84 (57.9)

1.000
14 (60.9) 84 (66.1)

0.640
Female 2 (40) 61 (42.1) 9 (39.1) 43 (33.9)
Age Group, n (%)
<1 year 0 (0) 14 (9.7)

0.787
0 (0) 0 (0)

0.2861-5 years 2 (40) 76 (52.4) 20(87) 95 (74.8)
>5 years 3 (60) 55 (37.9) 3 (13) 3 2(25.2)
Hospital Stay Group, n (%)
<3 days 4 (80) 97 (66.9)

1.000
10 (43.5) 50 (39.4)

0.9283-7 days 1 (20) 43 (29.7) 12 (52.2) 70 (55.1)
>7 days 0 (0) 5 (3.4) 1 (4.3) 7 (5.5)
Treatment Type, n (%)
Medical 4 (80) 101 (69.7)

1.000
20 (87) 120 (94.5)

0.183
Surgical 1 (20) 44 (30.3) 3 (13) 7 (5.5)
Type of Insurance, n (%)
Self-pay 4 (80) 88 (60.7)

0.649
14 (60.9) 76 (59.8)

1.000
Insurance 1 (20) 57 (39.3) 9 (39.1) 51 (40.2)

Chi-square/Fisher exact test was applied, P-value<0.05, considered significant.

Fig. (1): Distribution of patients for Discharge by Noon (DBN) 
according to groups.

Table 3: Comparison of discharge metrics before and after DBN intervention.
Metric Pre-Intervention Post-Intervention p-value

DBN Achievement, n (%) 5 (3.3) 23 (15.3) <0.001
Discharge Summary Time (hours), mean ± SD 6.8 ± 2.5 2.9 ± 1.2 <0.001
Discharge Time (24-hr clock), median (IQR) 19:00 (16:00-20:00) 16:00 (14:00-17:00) <0.001
Total Discharge Process Time (hours), mean ± SD 8.4 ± 3.1 5.2 ± 2.0 0.003
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Our successful intervention can be attributed to 
three crucial factors. First, the multidisciplinary 
approach – involving attending physicians, residents, 
staff nurses, and coordinators - addressed the 
fragmentation of care that contributes significantly 
to discharge delays, 35-50% as observed by Wu et 
al., 2016 [18]. Interestingly, resident physicians 
emerged as key change agents, adding nuance to the 
traditional emphasis on nurse-led teams (White et 
al., 2014) [9]. Second, the operational definition of 
“Discharge Before Noon” (DBN) as departure before 
12:59 hours balanced precision and practicality, 
allowing for the completion of final discharge tasks 
while creating a measurable endpoint. This approach 
contrasts with more rigid “hard-stop” methods that 
often fail in real-world settings (Wertheimer et al., 
2014) [10]. Finally, our study demonstrates that lean 
Six Sigma methodology as described by El-Eid et 
al. (2015) and dos Santos Zimmermann et al. [8, 
13], can be successfully adapted to resource-limited 
environments, as it can be seen by a remarkable 38% 
reduction in the mean discharge process time (8.4 
to 5.2 hours) and a 57% (6.8 to 2.9 hours) decrease 
in discharge summary completion time. However, 
there might be some modifications for better 
improvements. 
Despite these improvements, our study still faced some 
unique challenges. While we managed to significantly 
reduce late-night discharges (>20:00) by 89%, 11% 
of discharges still occurred in the evening due to 
unavoidable delays, such as specialist consultations and 
testing - systemic constraints well documented in LMIC 
hospitals (da Silva et al., 2014) [19]. 

LIMITATIONS
There are several limitations to our study. As a single-
center study, our results may not generalize to other 
settings, particularly those with different staffing 
ratios or patient populations. The majority of medical 
cases (81.7%) in our cohort restrict understanding of 
surgical patient workflows. The short follow-up period 
of only 12 months in our study prevents assessment of 
whether improvements will be sustained over time, an 
important consideration given that discharge efficiency 
initiatives often show waning effects without ongoing 
reinforcement (Kane et al., 2016) [6]. 

CONCLUSION
Our research demonstrates that a tailored DBN initiative, 
leveraging multidisciplinary teamwork and Lean Six 
Sigma, can significantly enhance discharge efficiency 
in pediatric wards of LMICs. While the improvement is 
substantial, sustaining these gains will require ongoing 
reinforcement, technological support, and policy 
integration. This model offers a scalable framework for 
similar resource-constrained settings.

RECOMMENDATIONS
Future directions should focus on two critical areas. 
First, as demonstrated by Sklansky et al. (2019) [20], 
technology integration through Electronic Health 
Records (EHR) alerts could help sustain gains by 
providing real-time feedback on pending discharge tasks. 
Second, as there is a predominance of medical (versus 
surgical) cases in our cohort (81.7%), tailored approaches 
for surgical patients, potentially incorporating family-
centered education models (Walter & Robb, 2019) [12], 
may help close the current medical-surgical disparity.
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