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interventions (including organ support), ICU outcome, and
readmission characteristics. Data were captured in all adult patients
admitted between September 2019 and February 2021. Population Medicine, Seoul, South Korea
and ICU encounter characteristics were compared between those with
and without readmission. Independent risk factors for readmission
were assessed using univariate analysis.

3. Younsuck Koh, University of Ulsan College of

Any reports and responses or comments on the

article can be found at the end of the article.

Results

In total 2955 patients were included in the study. Absolute ICU
readmission rate was 5.69 % (n=168) for all four ICUs. Median time
from ICU discharge to readmission was 3 days (IQR=8,1). Of those
readmitted, 29.17% (n=49) were discharged at night following their
index admission. ICU mortality was higher following readmission to
ICU(p=0.016) and mortality was increased further in patients whose
primary index discharge was at night(p= 0.019). Primary diagnosis,
age, and use of organ support in the first 24hrs of index admission
were all independently attributable risk factors for readmission.

Conclusions

ICU readmission rates were adversely associated with significantly
poorer outcomes, increased ICU resource utilisation. Clinical and
organisational characteristics influenced risk of readmission and
outcome.
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113783 Amendments from Version 2

This revised version incorporates changes based on reviewer
feedback to improve clarity, consistency, and accuracy. Key
updates include refining statistical analysis, ensuring consistent
terminology, and correcting discrepancies in reported data. The
methodology has been clarified, redundant details removed,

and previously missing analyses included. Tables have been
reformatted for better readability and logical flow. The discussion
now addresses additional quality improvement implications

and potential causes of nighttime discharges. These revisions
enhance the study’s precision and relevance.

Any further responses from the reviewers can be found at
the end of the article

Abbreviations

Collaboration for Research, Implementation and

COAA Training in Asia-Africa

HIC High Income Country

ICU Intensive Care Unit

LMIC Low and Lower Middle Income Country
NICRF  Nepal Intensive Care Research Foundation
RRT Renal replacement therapy

UK United Kingdom

us United States

Introduction

Readmissions to Intensive Care Units (ICU) result in increased
morbidity, mortality, and ICU resource utilisation (e.g.
prolonged mechanical ventilation), and as such, is a widely
utilised metric of quality of critical care'.

ICU readmission is defined as admission to intensive care
unit of a patient previously admitted to the ICU (index ICU
admission) during the same hospital encounter'. Early ICU
readmissions are those occurring within 48 hours of ICU
discharge; whilst ICU readmission occurring 3 to 14 days
after discharge (during the same hospital encounter) is
defined as late readmission®. Considering the detrimental
impacts of readmission within 48 hours for both patients
and critical care services, research in UK, US and European
health systems has in recent years focused on increasing
understanding of the determinants for risk of early readmis-
sion and in developing interventions to prevent avoidable harms.
Attributable risks of early ICU readmission include individual
patients’ characteristics, care processes in the ICU and
organisational factors both within the ICU and in the wider
hospital™”. While individual patients’ characteristics are not
necessarily modifiable, understanding the determinants associated
with readmission is key to early recognition of at-risk
population and the potential to modify the care pathway
accordingly. The identification of organisational factors
(e.g communication between healthcare teams, staffing ratios and
variations in skills mix during daytime versus night/weekend)

Wellcome Open Research 2025, 7:272 Last updated: 31 MAR 2025

provides opportunities to adapt
practices to mitigate their impact.

existing ICU discharge

The majority of the evidence on incidence, characteristics,
associated risk factors and attributable outcomes of readmis-
sion to ICU are from high-income country critical care
populations and health systems (HICs)*'°. The impact of
ICU readmissions may be greatest in resource constrained
health care systems (where patient outcomes may already be
worse that predicted), however evidence regarding burden,
character and factors which drive re-admission in such
settings remain largely absent'"">. Furthermore the impact
of organisational factors on outcomes, and strategies to miti-
gate and reduce avoidable readmission may or may not be
translatable between health systems with differing resource
availability. Multi-centre clinical quality registries increasingly
established internationally, may provide a valuable source of
data on case-mix, care processes and organisational factors and
outcomes of critically ill patients. This study describes the
incidence, impact and factors associated with increased risk
of ICU readmissions in four ICUs in Nepal.

Methods

This was a multi-center retrospective observational cohort
study including four tertiary care hospitals all situated in the
urban greater Kathmandu area; three private teaching hospitals,
and one government teaching hospital. Nepal Intensive Care
Registry Foundation (NICRF) is a not-for-profit organisa-
tion implemented by Nepal Intensive Care Research Founda-
tion and is working to develop, implement and curate ICU
registry in Nepal. NICRF is supported by and a founding mem-
ber of Wellcome Collaboration for Research, Implementation
and Training in Asia-Africa; a nine country network aimed to
improve outcomes for critically ill patients by establishing a
community of practices in Asia'*'¥, NICRF uses near real-time
high-quality data captured through a cloud-based registry
platform, which captures near real-time, high-quality data on
case mix, outcomes and care quality metric, enabling setting
prioritised improvement, training and research for critical care in
Nepal”®. Critical care is a growing independent speciality in
Nepal, but ICU bed availability in the countries is estimated
to be 2.8 per 100,000 population, with 85% ICUs being

provided by the private sector'®.

This study uses data captured routinely as part of the NICRF
core data set. All consecutive ICU admissions from September
2019 to February 2021 were included and followed up
until ICU discharge. Currently, the hospital discharge
information remains an optional datapoint in the NICRF
registry dataset. A flowchart of the study population is provided
in Figure 1. The demographic, case mix and treatment char-
acteristics for the ICU populations are described in additional
file 2'. APACHE II was used to measure the severity of
illness by calculating the most deranged reading during each
patient’s initial 24 h in ICUs'®. Patients who died in the ICU
and those who were discharged alive but were, a priori,
not considered suitable for ICU readmission, and those who
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Total number of ICU admission s = 4458
(Sept 2019 - Feb 2021)

¥

Total number of ICU admissions = 4359

~ Age less than 16 years = 99

Deceased at ICU discharge = 772

Total number of ICU admissions = 3123
Total number of patients = 2955

Discharged alive from ICU direct to home = 250
Discharged alive from ICU direct to other hospital = 214

Figure 1. Flowchart of patients.

were directly discharged from the ICU to home or another
hospital were excluded from the analysis'’. Diagnosis was
reported using APACHE IV classifications®. Reason for
index admission, severity of illness, duration of organ
support, time of ICU discharge (prior to readmission) and
length of stay for the index ICU admission were considered
as potential predictors of readmission, based on existing
literature’. The primary outcome measured was the rate of ICU
readmission. Readmission was defined as discharge to an area
that provided a lower level of care followed by return to the
same or a different ICU in the same hospital during the same
hospital admission'. The secondary outcomes recorded
after each patient’s first ICU admission included in-ICU
mortality and where available, all-cause in-hospital mortality,
ICU length of stay (LoS) for both the index ICU stay and
following readmission. For each readmission we also recorded
the time interval between initial ICU discharge and readmission.
We further reported whether readmission was at night (from
seven pm of the day to seven am next day) or a weekend (seven
pm Friday to seven am Sunday). These time frames reflect
current clinical working patterns and ‘weekend’ period in
hospital-based healthcare in Nepal.

ICU readmission rates were calculated by dividing the
number of readmissions by the number of patients who were
discharged alive and eligible for ICU readmission’. Readmissions

were categorised as either early (occurring within 48hrs of
ICU discharge following index admission) or late (occur-
ring after 48 hours following ICU discharge). Continuous vari-
ables were presented as mean + standard deviation or median
(25-75% interquartile range, IQR), as appropriate and categori-
cal variables were presented as absolute and relative frequen-
cies. Normality was assessed by the Kolmogorov Smirnov
test’.

Comparisons were made between patients with and without
readmission to the ICU, between readmissions occurring at
night versus daytime, between early versus late readmissions,
and between weekday versus weekend readmissions. Categorical
variables were compared with chi-square test or Fisher exact
when appropriate”. Continuous variables were compared using
independent #-test or Mann-Whitney U test in case of non-normal
distribution”.  Univariate logistic regression analysis was
performed to identify which predictors were associated with
ICU readmission. Multivariate logistic regression analyses
with backward elimination procedure including all predictors
showing a p value <= 0.20 in the univariate analysis were
undertaken to define which variables were independently
associated with ICU readmission®. We tested the linearity
assumption for continuous variables included in the logistic
regression model and the multicollinearity for the resultant
model. Statistical tests were two-sided; a P value <0.05 was
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considered statistically significant. All the analyses were
performed using STATA/IC for Mac v16.1 (StataCorp LP,
Texas, USA). The analyses could be also be carried out using
R Studio.

Ethics approval
The study was approved by Nepal Health Research Council
(Reference Number: 36012022 P).

Due to the retrospective nature of the study and as the analysis
used anonymous registry data, the need for informed
consent was waived by the ethical review board, Nepal
Health Research Council.

Results

During the study period 2955 ICU patients were eligible
for inclusion (Figure 1). Patient -characteristics of the
whole eligible population are described in detail in Table 1.
The ICU readmission rate was 5.69 % (n=168) for all
ICUs combined. The proportion of readmitted patients was
significantly higher among non-operative patients compared
to post-operative patients (87.50% vs. 12.50%, p=0.016).
Median time from ICU discharge to readmission was 3 days
(IQR=8,1) and 39.88% of readmissions occurred within
48 hrs of their primary ICU discharge. Among the readmitted
patients, 29.17% were discharged at night following their
index admission. Weekend discharge among readmitted
patients accounted for 27 (16.07%), while 141 (83.93%) were
discharged on weekdays. The readmitted population was older
than their non-re admitted counterparts (61.5 (IQR=74,40.5)
vs. 56 (IQR=69,39) years, p = 0.014).

Patients who were readmitted had a higher requirement of
renal replacement therapy in the first 24 hours of ICU admission
(7.48% vs. 3.22 %; p= 0.006). Readmitted patients had a
significantly higher mortality rate compared to the ICU mortality
on index admission (27.98% vs. 21.69 % (p=0.043) (Table 1
and Table 2). The ICU mortality of patients readmitted fol-
lowing night time ICU discharge was higher compared to
those discharged during the day (38.46 vs 21.36 %, p= 0.016).
Observed ICU mortality rate in early vs. late readmitted
patients was comparable (31.34 vs 25.75 %, p= 0.428).

Independent factors associated with ICU readmission were
age, nonoperative route of admission, RRT during the first
24 hours of index ICU admission, cardiovascular support
during the first 24 hours of index ICU admission, duration
of antibiotic therapy, duration of RRT, and APACHE II score
(Table 1). In the multivariate analysis, age, non-operative
diagnosis, cardiovascular support during the first 24 hours and
RRT during the first 24 hours were associated with readmis-

sion (Table 3). The area under the receiver operating
characteristic curve of the multivariable model was 0.61.
Discussion

This study provides new evidence on the incidence,

characteristics and impact of ICU readmission from the
tertiary hospitals in Kathmandu, Nepal. The study leveraged data
from a recently implemented multicenter electronic ICU

Wellcome Open Research 2025, 7:272 Last updated: 31 MAR 2025

registry capturing case mix, processes and clinical outcomes
alongside organisational factors associated with service deliv-
ery. The ICU readmission incidence was 5.69 %, and is com-
parable to other studies reported from healthcare settings
internationally, where ICU readmission rates range from 2.5
to 10%*'*1"». ICU mortality and morbidity appears to be
higher in this population compared to international cohorts
27 % vs 21%)*. The utilisation of ICU resources includ-
ing mechanical ventilation, and invasive therapies including
renal replacement therapy (RRT) in ICU was higher during the
reradmission epiodes, than for index admissions. The identi-
fied factors associated identifies with ICU readmission were
age, non-operative admissions, the use of renal and cardiovas-
cular support within the first 24 hours of index admission. These
findings are consistent with other studies conducted interna-
tionally including in other resource constrained health care
systems, whereby older comorbid patients had higher severi-
ties of illness at admission, and were more likely to require
ICU readmission®**.

Nighttime discharge following index admission was asso-
ciated with increased ICU mortality compared to day time
discharge for readmitted patients (37.5 vs 20.79 %). Nighttime
discharges often occur to accommodate incoming emergencies,
which are more frequent during off-hours. This operational
pressure may lead to premature discharges before patients
achieve optimal readiness. Similar findings have been found
elsewhere”®’. We did not explore the impact on discharge tim-
ing for all ICU patients in this study given the limited avail-
ability of hospital outcomes. Lower staffing ratios, absence
of senior staff on the wards at night time inadequate clini-
cal handover have been associated with risk of readmission
elsewhere” . Our study could not find any difference in
ICU outcome for readmitted patients based on timing of
readmission. Internationally reports of association vary, how-
ever definitions of early versus late are inconsistent™**.
The findings of this study provide preliminary data on
burden, risk and impact of ICU readmission. The identification
of modifiable risk factors associated with ICU readmission
is a key finding to inform subsequent improvement
interventions to reduce the rate of avoidable readmission.

Whilst providing new data on readmission, this study was lim-
ited by its retrospective nature, limited hospital outcome data
and non representation of hospitals outside of Kathmandu.
However this initial evaluation of existing care using
routinely available service data is an important step in
identifying the prevalence, case mix and characteristics of
readmission in the Nepal ICU population. Furthermore the
mortality associated with ICU readmission is an important
finding. Organisational and patient characteristics identified
here are currently being used to inform the development of
risk prediction model for readmission and will inform design
of future interventions related to discharge planning. Once
developed, external validation of this risk prediction model
will be sought from other Asia registries in CCAA. This
research will also form the foundation for targeted interventions
that improve transitions from ICU to ward care and overall
patient outcomes.
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Table 1. Comparison of index admission characteristics between patients with vs without readmission.

Characteristic

Age in years, median (Q1-Q3)

Gender
Male
Female
Intersex

Route to admission
Non-operative
Postoperative

Comorbidities (Top 10)
Hypertension

Diabetes

Type 2 Diabetes
Cardiovascular diseases
Hypothyroidism

Renal failure, Moderate to severe
Chronic pulmonary disease
Respiratory disease, Severe
Respiratory disease, Mild
Other neurological condition
Non-Operative admission
diagnosis

Cardiovascular
Gastrointestinal
Genitourinary

Haematology
Metabolic/Endocrine
Musculoskeletal/Skin
Neurologic

Respiratory

Trauma

Not classified

Operative admission
diagnosis
Cardiovascular
Gastrointestinal
Genitourinary
Metabolic/Endocrine
Musculoskeletal/Skin
Neurologic
Respiratory
Transplant

Trauma

Not classified

Total discharged
patients eligible for
readmission n=2955

56(39-69)

1869(63.25)
1084(36.68)
2(0.07)

2375(80.37)
580(19.63)

1019(34.48)

433(14.65)
165(5.58)
106(3.59)
86(2.91)

187(6.33)
292(9.88)
168(5.69)
29(0.98)
95(3.21)
45(1.52)
424(14.45)
1015(34.35)
121(4.09)
4(0.14)

57(1.93)
135(4.57)
69(2.34)
5(0.17)
36(1.22)
240(8.12)
15(0.51)
3(0.10)
11(0.37)
4(0.14)

Patients without
readmission n=2787

(94.31%)
56(39-69)

1771(63.55)
1014(36.38)
2(0.07)

2228(79.94)
559(20.06)

957(34.34)
402(14.42)
158(5.67)
99(3.55)

177(6.35)
275(9.87)
158(5.67)
27(0.97)
87(3.12)
39(1.40)
404(14.59)
951(34.12)
111(3.98)
4(0.14)

55(1.97)
129(4.63)
68(2.44)
5(0.18)
34(1.22)
231(8.29)
15(0.54)
3(0.11)
10(0.36)
4(0.14)

Patients with
readmission, n=168

(5.69%)
61.5(40.5-74)

98(58.33)
70(41.67)
0(0)

147(87.50)
21(12.50)

10(5.95)
17(10.12)
10(5.95)
2(1.19)

10(5.95)
0(0)

P- value

0.014*

0.367

0.016*

0.497
0.152
0.410
0.677
0.600
0.054
0.326
0.108
0.994
0.854

0.573

0.988
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Characteristic Patients with

readmission, n=168

Patients without
readmission n=2787

Total discharged
patients eligible for

readmission n=2955 (94.31%) (5.69%)
Organ support during 24
hours of index ICU admission)
Invasive ventilation 495(16.75) 465(16.68) 30(17.86)
Non-invasive ventilation 348(11.78) 322(11.55) 26(15.48)
Cardiovascular support 369/2929(12.60) 340/2764(12.30) 29/165(17.58)

Therapeutic Antibiotics use 2236/2929(76.34) 2101/2764(76.01) 135/165(81.82)
Renal replacement therapy 89/2569(3.46) 78/2422(3.22) 11/147(7.48)*
Use of MV>24h during ICU 738(24.97) 689(24.72) 49(29.17)
admission
Duration of MV in days, 2(1-5) 2(1-5) 2(1-5)
median (Q1-Q3)
Ventilation free days, 2(1-4) 2(1-4) 2(1-4.5)
median (Q1-Q3)
Duration of antibiotic therapy in 3(1-5) 3(1-5)
days, median (Q1-Q3))
Duration of cardiovascular 2(1-3) 2(1-3) 2(1-3)
support in days,
median (Q1-Q3)
Duration of RRT in days, 2(1-4) 2(1-4) 3(1-5)
median (Q1-Q3)
APACHE 1I score, median 9(5-15) 8(4-12) 8.5(14-5)
(Q1-Q3)
Index ICU stay; Length of stay in
days, median (Q1-Q3) 3(2-6) 3(2-6) 3(2-6)
mean(SD) 4.80(6.91) 4.77(6.97) 5.18(5.92)
Night vs daytime discharge
Night 932(31.54) 883(31.68) 49(29.17)
Day 2023(68.46) 1904(68.32) 119(70.83)
Weekend discharge
Yes 421(14.25) 394(14.14) 27(16.07)
No 2534(85.75) 2393(85.86) 141(83.93)
*Significant at 95% of level of confidence " Not applicable
Table 2. ICU outcomes and characteristics of readmission.
Characteristic Outcome at ICU discharge
Length of ICU
stay days, median Alive Dead P value
(Q1, Q3)

Readmission

Night time n=65(38.69%) 3(1,6) 40(61.54) 25(38.46) 0.016*

Day time n=103(61.31%) 3(2,6) 81(78.64) 22(21.36)

Early readmission n=67 (39.88%) 1(1,0) 46(68.66) 21(31.34)

Late readmission n=101(60.12%) 7(11,4) 75(74.26) 26(25.74) 0.428

*Significant at 95% of level of confidence

P- value

0.693

0.126

0.047*
0.088
0.006*

0.196

0.1603

0.9012

0.0366*

0.0843

0.0152*

0.0364*

0.2249

0.495

0.486
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Table 3. Univariate and multivariate logistic regression analysis addressing risk factors for intensive

care unit readmission (n = 2919 patients).

Characteristics

AgeS
Male gender
Non-operative admission®

Comorbidities®
Hypertension
Diabetes
Type 2 Diabetes
Cardiovascular diseases
Hypothyroidism
Renal failure(moderate to severe)
Chronic pulmonary disease
Respiratory disease

Organ support during first 24 hours
Invasive ventilation®
Non-invasive ventilation®
Cardiovascular support®
Use of antibiotic®
Renal replacement therapy®

Use of MV > 24h during index ICU admission
Length of index ICU stay
Night discharge of index ICU admission®
Weekend discharge of index iCU admission®
Duration of MV of index ICU admission
Ventilation free days of index ICU admission

Duration of antibiotic therapy of index ICU
admission®

Duration of cardiovascular support of index
ICu admission

* Significant with 80% level of confidence

“Variable included in multivariate regression analysis

Univariate analysis

OR(95% CI) p-Value OR(95% CI) p-Value
1.01(1.001-1.018) 0.024*  1.009(0.999-1.019) 0.047
0.801(0.584-1.099) 0.268
1.(1.101-2.800) 0.018* 1.772(0.986-3.184) 0.038
1.144(0.641-2.042) 0.648
0.849(0.343-2.101) 0.724
1.062(0.398-2.832) 0.905
0.961(0.327-2.823) 0.942
2.458(1.021-5.920) 0.245
1.826(0.609-5.477) 0.089
1.767(0.702-4.448) 0.227
0.913(0.118-7.059) 0.930
1.086(0.772-1.631) 0.693
1.401(0.908-2.163) 0.327
1.704(1.015-2.862) 0.044
1.520(1.002-2.306) 0.049*
1.420(0.947-2.129) 0.090*
2.699(1.307-5.573) 0.007* 2.268(1.080-4.764) 0.031
1.253(0.889-1.768) 0.197
1.007(0.991-1.024) 0.405
0.888(0.631-1.250) 0.496
1.163(0.760-1.779) 0.486
0.997(0.967-1.029) 0.873
1.021(0.974-1.071) 0.391
1.015(0.991-1.040) 0.126*
1.014(0.957-1.076) 0.631

Multivariate analysis

Conclusions

The results from this study show that the participating ICUs
in this study have comparable incidence and patient risk fac-
tors for ICU readmission to other international studies.
However outcomes are poorer, and care processes associated with
risk of readmission may be different compared to more resource
rich settings.

Data availability
Underlying data

Figshare: Incidence, risk and impact of ICU readmission
on patient outcomes and resource utilisation in tertiary
level ICUs in Nepal, https:/doi.org/10.6084/m9.figshare.

20726392".

This project contains the following underlying data:
- De-identified_NICR_patient_data_29_08_2022.xlsx
- Core_variables_definition.pdf

- Additional file 1_Characteristics of all ICU patients.docx

Data are available under the terms of the Creative Commons
Attribution 4.0 International license (CC-BY 4.0).
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The authors aim to find the determinants of risk attributable to ICU readmission under low ICU
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1. It would be better to present the four ICUs resource settings of the tertiary hospitals.
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3. The median duration of mechanical ventilation support for the subjects was 2 days, and
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not reason in this study. Can authors explain the difference?

4. What was the proportion of patients discharged from ICU receiving vasopressors?

5. Patients who were readmitted had a higher requirement of RRT in the first day of ICU
admission, and the duration of RRT use was longer in the readmission group. What
proportion of patients who were readmitted to ICU after being RRT require RRT again? If the
rate is high, the need for a guideline of RRT discontinuation should be suggested in the
discussion.
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- In results, you report "The proportion of readmitted patients was significantly higher among
non-operative patients compared to post-operative patients (87.50% vs. 12.50%, p=0.016)"--those
percentages aren't meaningful without knowing breakdown of non-op vs post-op patients--it
would make more sense to report % of non-op pts readmitted vs % of post-op pts readmitted

- Similarly, % of readmissions who were downgraded on nights and weekends is difficult to

Page 11 of 25


https://doi.org/10.21956/wellcomeopenres.26310.r119380
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-2822-8168

Wellcome Open Research Wellcome Open Research 2025, 7:272 Last updated: 31 MAR 2025

interpret without knowing what percentage of patients were downgraded on nights and
weekends. It would make more sense to report % of patients downgraded on nights and
weekends who were readmitted in comparison to weekday daytime downgrades

- Table 1 seems to have a few errors ("Duration of antibiotic therapy" has an empty cell, "median
APACHE I1" is lower for both subgroups than the overall sample and one IQR doesn't make sense)

- Table 2 is confusing and would benefit from a legend clarifying what it shows. In particular,
"Readmission night time vs day time" is confusing--are you talking about readmission for patients
downgraded at night or day or about patients readmitted during night vs day? Is this table
showing something different than the bottom of table 1?

- Table 3 "Organ support during first 24 hours" rows don't line up

- In discussion, this sentence is confusing and does not seem to align with results section--
"Nighttime discharge following index admission was associated with increased ICU mortality
compared to day time discharge for readmitted patients (37.5 vs 20.79 %)." In the results you
report "The ICU mortality of patients readmitted following night time ICU discharge was higher
compared to those discharged during the day (38.46 vs 21.36 %, p= 0.016)." In contrast, table 1
seems to suggest no increased frequency of ICU readmission among patients night/weekend
downgrades. I don't know that you need to restate the findings in the discussion, but reporting
should be clear and consistent throughout.

- In discussion, you mention "The identification of modifiable risk factors associated with ICU
readmission is a key finding to inform subsequent improvement interventions to reduce the rate
of avoidable readmission." What improvement interventions are informed by the findings of this
study?

- The last paragraph of discussion mentions CCAA, which is not referenced anywhere else in the
manuscript. Either elaborate or remove.
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Abstract:

» Well structured and clear. "eCRF" is not defined where used here or in abbreviation list. It's
also not used in the methods section. Either eliminate it here or elaborate in methods
section.

Introduction:
Clear, concise, appropriate for study question.
Methods:

o Qverall clear, fairly concise, appropriate.

> The abstract mentions increased mortality in readmitted patients who were discharged at
night. However, investigation for risk factors for mortality in readmitted patients (i.e. failure
to rescue) isn't described in methods and is only touched on in results. It would make sense
to either include that analysis in Table 2 or omit it all together.

o NICRF should be defined the first time it is used.
> Authors mention comparison between weekday and weekend admissions in the second
paragraph as a secondary outcome but not in the third paragraph as a comparison that was

actually performed.

o Variables such as hospital LOS and hospital mortality that are not presented in results
should not be included in methods
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Results:
Be consistent with "medical vs surgical" admissions or "non-op vs post-op".

> "The patients with medical diagnoses at index admission had a higher ICU readmission rate
compared to the surgical patients (87.50% vs. 12.50%, p=0.016)"--those percentages don't
make sense with an overall 5.69% ICU readmission rate. It looks like the authors are
presenting percentage of readmitted patients who were surgical, not percentage of surgical
patients who were readmitted.

> Weekend readmission rates are not mentioned in the text.

> Table 1"Duration from discharge to readmission" does not need to be presented as it is
already included in text. A p value should be reported for each of the admission diagnoses.

o "Patients who were readmitted had... higher ICU mortality rate compared to the non-
readmitted patients" is a very important but very confusing statement. Are you saying that
the post-ICU discharge mortality was 21.69% for patients who were not readmitted, or that
the ICU mortality on index admission was 21.69%? From the methods, it sounded like you
don't have hospital mortality data for patients who did not have ICU readmission, but that
would be useful to report if available.

> Table 2 is confusing. It seems like it should present the bivariable investigation for risk
factors for increased mortality in patients with ICU readmission given that this is included
for early vs late and day vs night readmissions. The "readmitted to ICU" row does not fit
with the formatting of the table and is already addressed in the text--it can be excluded
here. Why are 3359 patients without ICU readmission reported here, instead of 2787 as
reported in table 1?

> Table 3 "Organ support during first 24 hours" appears to have a formatting issue and rows
do not align. It would make more sense to put this table after table 1, since it also addresses
risk factors for ICU readmission (vs outcomes/characteristics of readmission).

o Iwould recommend against reporting hospital mortality given the low n and high risk of
biased reporting.
Discussion:
o Concise with review of relevant related literature.

o Would be helpful to address whether night time admissions in this setting reflect patients
being bumped out of the ICU before they are ready to make room for sicker patients.

> What are implications for QI, beyond developing a risk prediction model?

Is the work clearly and accurately presented and does it cite the current literature?
Partly

Is the study design appropriate and is the work technically sound?
Yes
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Are all the source data underlying the results available to ensure full reproducibility?
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Are the conclusions drawn adequately supported by the results?
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Dear Reviewer, Thank you for your patience and for the opportunity to revise our
manuscript. We sincerely apologize for the delayed response, as other personal
commitments required our attention. We appreciate the encouraging, critical and
constructive comments on this manuscript. The comments have been very thorough and
useful in improving the manuscript. We strongly believe that the comments and
suggestions have increased the scientific value of the revised manuscript by many folds. We
have taken them fully into account in revision. We are submitting the corrected manuscript
with the suggestion to incorporate the manuscript in the track change mode. Our
responses to all the comments are as follows: Abstract:
> Well structured and clear. "eCRF" is not defined where used here or in the
abbreviation list. It's also not used in the methods section. Either eliminate it here or
elaborate in the methods section.
o Response: The term eCRF has been removed from abstract.

Methods:

o The abstract mentions increased mortality in readmitted patients who were
discharged at night. However, investigation for risk factors for mortality in readmitted
patients (i.e. failure to rescue) isn't described in methods and is only touched on in
results. It would make sense to either include that analysis in Table 2 or omit it all
together.

o Response: Thank you for your valuable comment. We would like to clarify that
"failure to rescue" is not mentioned in the manuscript. The investigation of risk
factors for mortality in readmitted patients was not a focus of this study. The mention
in the abstract regarding increased mortality in readmitted patients who were
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discharged at night was intended to be a descriptive finding rather than an analysis
of specific risk factors for mortality.
NICRF should be defined the first time it is used.

Response: "Nepal Intensive Care Research Foundation (NICRF)" is now defined
where it is first used.

Authors mention comparison between weekday and weekend admissions in the
second paragraph as a secondary outcome but not in the third paragraph as a
comparison that was actually performed.

Response: Thank you for your feedback. We have revised the sentence to clearly
state the comparisons made in the study, including the comparison between
weekday and weekend admissions:

Comparisons were made between patients with and without readmission to the ICU,
between readmissions occurring at night versus daytime, between early versus late
readmissions, and between weekday versus weekend readmissions.

o Variables such as hospital LOS and hospital mortality that are not presented in results

Result

should not be included in methods

Response: Thank you for your comment. Hospital length of stay (LOS) has been
removed from methods section. We would like to clarify that hospital mortality is
presented in the results section in text.

s:

Be consistent with "medical vs surgical" admissions or "non-op vs post-op".

> Thank you for your feedback. "medical vs surgical" has been replaced with "non-

operative patients and post-operative" for clarity and consistency.

"The patients with medical diagnoses at index admission had a higher ICU
readmission rate compared to the surgical patients (87.50% vs. 12.50%, p=0.016)"--
those percentages don't make sense with an overall 5.69% ICU readmission rate. It
looks like the authors are presenting the percentage of readmitted patients who were
surgical, not percentage of surgical patients who were readmitted.

Response: I agree with your suggestion. The sentence has been rephrased.

Weekend readmission rates are not mentioned in the text.

(o]

Response: Thank you for your feedback. We have added the comparison of weekend
and weekday readmission rates to the text and included this information in Table 1.
Table 1"Duration from discharge to readmission" does not need to be presented as it
is already included in text. A p value should be reported for each of the admission
diagnoses.

Response: Changes made as suggested.

"Patients who were readmitted had... higher ICU mortality rate compared to the non-
readmitted patients" is a very important but very confusing statement. Are you saying
that the post-ICU discharge mortality was 21.69% for patients who were not
readmitted, or that the ICU mortality on index admission was 21.69%? From the
methods, it sounded like you don't have hospital mortality data for patients who did
not have ICU readmission, but that would be useful to report if available.

Response: Readmitted patients had a significantly higher mortality rate compared to
the ICU mortality on index admission (27.98% vs. 21.69 % (p=0.043). The hospital
mortality data have been removed.

Table 2 is confusing. It seems like it should present the bivariable investigation for
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risk factors for increased mortality in patients with ICU readmission given that this is
included for early vs late and day vs night readmissions. The "readmitted to ICU" row
does not fit with the formatting of the table and is already addressed in the text--it
can be excluded here. Why are 3359 patients without ICU readmission reported here,
instead of 2787 as reported in table 1?

o Response : The "readmitted to ICU" row has been removed.

o Table 3 "Organ support during first 24 hours" appears to have a formatting issue and
rows do not align. It would make more sense to put this table after table 1, since it
also addresses risk factors for ICU readmission (vs outcomes/characteristics of
readmission).

o Response: Corrected.

o I'would recommend against reporting hospital mortality given the low and high risk
of biased reporting.
o Response: Hospital mortality has been removed.

Discussion:
o Concise with review of relevant related literature.

Response: We appreciate the reviewer's feedback. The discussion already integrates
key findings from relevant studies; however, we will ensure that the literature review
remains focused and directly supports our study’s objectives without unnecessary
elaboration.

o Would be helpful to address whether night time admissions in this setting reflect
patients being bumped out of the ICU before they are ready to make room for sicker
patients.

Response: We acknowledge this possibility and we have included a discussion on
whether nighttime ICU discharges could reflect premature transfers due to ICU bed
availability constraints.

o What are implications for QI, beyond developing a risk prediction model?

o Response: We have added a sentence about the possibility of designing an
intervention to reduce adverse events associated with early ICU readmission.

Competing Interests: No competing interests were disclosed.

Reviewer Report 01 March 2023

https://doi.org/10.21956/wellcomeopenres.21165.r55316

© 2023 Pilcher D. This is an open access peer review report distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

+/  David Pilcher
Department of Intensive Care, Alfred Hospital, Melbourne, Vic, Australia
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I commend the authors on their revisions and enjoyed reading the paper. Well done and thank
you.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Intensive Care

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 07 December 2022

https://doi.org/10.21956/wellcomeopenres.20375.r53178

© 2022 Pilcher D. This is an open access peer review report distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

? David Pilcher

Department of Intensive Care, Alfred Hospital, Melbourne, Vic, Australia

Thank you for asking me to review this paper which describes the characteristics and outcomes of
-patients readmitted to 4 ICUs in Kathmandu Nepal between Sept 2019 and Feb 2021. The authors
report a readmission proportion of 5.6%, identify risk factors for readmission and highlight
discharge at night as risk factor for mortality. The paper is generally well written, an important
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topic, highlights the use of registry data and provides locally valuable information to influence
clinical practice.

I have a number of comments that should be considered by the authors.

The authors state their paper is about ‘unplanned readmissions’ to ICU. Does this mean there
were planned readmissions (e.g. elective surgical) to ICU that were not included in the study? This
should be clarified or are they including all readmission episodes for all patients? This should be
more explicitly explained or they should remove the word ‘unplanned'.

The Intro rightly highlights patient and organisational risk factors for readmission.

Why were burns patients excluded? I see no rationale for excluding them.

The authors should be clearer about the outcomes they are examining.

ICU length of stay (LOS) is listed as outcome. Does this refer to the original LOS for all patients (if
so it should not be considered as an outcome of the study since this occurs before the
readmission episode, or dose this refer to the LOS of the readmission episode? If the former it is
still important to report and should be considered as a potential predictor of readmission.
‘Mortality’ is stated as an outcome. Is this in ICU or in hospital. Results and text later imply ‘in-ICU".
This needs clarification. It would be highly preferable to report both. In a study of this size and
given this is a paper inherently about the interface between ICU and ward, hospital mortality
should ideally be available and reported. If not available this should be discussed as a limitation.
Primary outcome of the study appears to be ‘readmission’ - should be explicitly stated as such.
The other outcomes are secondary.

APACHE diagnostic grouping are reported but no overall severity of illness score. It is likely that

acute illness severity also influences readmission risk. Why has this been left out?

Figure 1 -
o This figure is extremely difficult to understand and should be made much clearer.

> What are ‘duplicates’? Are these duplicated records for the same patient's ICU admission. If
so these should be excluded up front in any data cleaning exercise and potentially don't
even need inclusion in the flow chart.

o Presumably Diseased = Deceased?
List number of admissions & number of patients.

o Some numbers in the boxes on the left don't make sense (4346 - 170 is not 4006).

o Index admission for readmitted patients deceased at ICU discharge - What does this mean?

» There are 54 patient excluded for ‘other (unclassified reasons)'. In a study of this size, this
could be important. Why are these patients excluded from a study like this?
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Table 1 -
My preference would be to provide exact P values for all variables using comparative
statistics here.

> ICU outcome - death? In ICU or at any time in hospital? See earlier comment also.

LOS in ICU - Is this for the first admission? What was the LOS for the readmission episodes
of those who cam back to ICU? How many patients had more than one readmission
episode?

> If considering resource implication of readmissions, then it would be appropriate to include
mean LOS values in addition to median & IQR.

o I'was surprised to see duration of ventilation reported as mean SD. This typically has a non-
parametric distribution in most studies. Please check.

> Separate outcomes section of table from potential ‘exposure variables’ which might
influence the chance of readmission (i.e. put night discharge and weekend dc elsewhere)
Table 2
o Ithink this should be pivoted around so that it matches format of table 1. There is probably
no need to report alive and dead as separate columns.
The paper mixes in night discharge from the index admissions as a risk factor for mortality of
these patients. If the purpose of the paper is to describe and identify the risk factors for
readmission, then reporting whether night discharge is a risk factor for mortality is of secondary
importance and less relevance to this study. In addition, if the mortality outcome the authors
report is in-ICU mortality only, then reporting risk factors for mortality in the readmitted patients
is may be confounded or biased by lack of mortality outcomes in the other patients who were
discharged from ICU. It is quite possible that night discharge is a RF for mortality in all patients not
just in patients readmitted to ICU. I recommend removing or reducing the focus on this.

The whole paper should have a proof read to provide more clarity when the authors are referring
to ICU admission episodes, ICU readmission episode or patients. It is difficult to follow sometimes
when authors are referring to characteristics of the patient as opposed to characteristics of the
ICU episode. E.g.

“..and invasive therapies including renal replacement therapy (RRT) in ICU was higher in patients
readmitted, than for index admissions.”

Do the authors mean that patients who were readmitted had greater RRT use during their initial
admission to ICU than during the same patient's subsequent readmission episode, or that patients
who were readmitted to ICU had higher use of RRT during their initial ICU episode than patients
who were not readmitted to ICU?

The authors state their intention to create a readmission risk prediction model. Most readmission
models reported have low discriminatory power. They tend to perform better if additional
outcomes such as death after ICU discharge. What was the AUC of their multivariable model? If
not that high, then this also highlights the difficulty in creating such models in future. However, it
does not distract from the clinical relevance of their findings which identify independent risk
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factors for readmission (as the authors rightly highlight in the Discussion).

Hospital level process of care - where any measured? Many of these are mentioned in the
Discussion.
Liaison service

Handover processes
Routine post-ICU review

o Insurance/payer status
Nursing ratios in ICU or in ward

Public vs. private (understanding that reporting of information which potentially might
identify the hospitals may not be possible)
Conclusion
Although statements such as “...The utilisation of finite and expensive resources (organ support, ICU
bed days) is higher in this population compared to HICs.” may be ok to include and consider in the
Discussion, the inclusion of this statement in the Conclusion is not justified without presentation
of data. It should be either removed or backed up with information to support. I see no evidence
that the relative resource utilisation of patients readmitted to ICU is any different in this study to
the HIC where I work and was in fact surprised to see how similar it was.

Is the work clearly and accurately presented and does it cite the current literature?
Partly

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
No

If applicable, is the statistical analysis and its interpretation appropriate?
Partly

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Intensive Care

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Page 21 of 25



Wellcome Open Research Wellcome Open Research 2025, 7:272 Last updated: 31 MAR 2025

Diptesh Aryal

Dear David Pilcher,

Thank you for taking the time to review our paper "Incidence, risk and impact of ICU
readmission on patient outcomes and resource utilisation in tertiary level ICUs in Nepal"
and for providing your valuable feedback. We appreciate your thoughtful comments and
suggestions, which have helped us to improve the quality of our work. We have carefully
considered your comments and have made revisions to address your concerns. Your input
has been instrumental in helping us to refine our paper, and we are grateful for your
contributions. Best Regards Diptesh Aryal

Reviewer's Comments and Responses:

The authors state their paper is about ‘unplanned readmissions’ to ICU. Does this mean
there were planned readmissions (e.g. elective surgical) to ICU that were not included in the
study? This should be clarified or are they including all readmission episodes for all
patients? This should be more explicitly explained or they should remove the word
‘unplanned'.

Thank you. We included all the readmission episodes for all the patients. We have removed
“unplanned” in the revised manuscript. In our settings, readmissions that are part of the usual
plan typically only occur in specific situations, such as following a two-stage surgical operation,
and they are documented as separate admission episodes.

The Intro rightly highlights patient and organisational risk factors for readmission. Why
were burns patients excluded? I see no rationale for excluding them.

Thank you for your comment. We have included burn patients in the analysis and updated the
results.

The authors should be clearer about the outcomes they are examining. ICU length of stay
(LOS) is listed as outcome. Does this refer to the original LOS for all patients (if so it should
not be considered as an outcome of the study since this occurs before the readmission
episode, or dose this refer to the LOS of the readmission episode? If the former it is still
important to report and should be considered as a potential predictor of readmission.
Thank you for the comment. We have clarified this in the revised manuscript.

‘Mortality’ is stated as an outcome. Is this in-ICU or in-hospital. Results and text later imply
‘in-ICU'. This needs clarification. It would be highly preferable to report both. In a study of
this size and given this is a paper inherently about the interface between ICU and ward,
hospital mortality should ideally be available and reported. If not available this should be
discussed as a limitation.

Thank you for this feedback. We have clarified the outcomes in the results and discussion. We
have included hospital outcomes (where available) and noted this as a limitation in the revised
manuscript.

Primary outcome of the study appears to be ‘readmission’ - should be explicitly stated as
such. The other outcomes are secondary.
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Thank you for your comments. We have made the changes in the revised manuscript.

APACHE diagnostic grouping is reported but no overall severity of iliness score. It is likely
that acute illness severity also influences readmission risk. Why has this been left out?
We have added APACHE II illness severity to the revised manuscript.

Figure 1 -

O

This figure is extremely difficult to understand and should be made much clearer
We have updated the figure 1.

What are ‘duplicates’? Are these duplicated records for the same patient’s ICU
admission. If so these should be excluded up front in any data cleaning exercise and
potentially don't even need inclusion in the flow chart.

Removed.

Presumably Diseased = Deceased?
Corrected.

List number of admissions & number of patients.
Added.

Some numbers in the boxes on the left don't make sense (4346 - 170 is not 4006).
This has now been revised and changed in the manuscript.

Index admission for readmitted patients deceased at ICU discharge - What does this
mean?

Patients deceased following ICU index admission, were removed since they cannot be
readmitted.

There are 54 patients excluded for ‘other (unclassified reasons)'. In a study of this size,
this could be important. Why are these patients excluded from a study like this?

These patients were excluded because they were either discharged alive directly from the
ICU to either home or another healthcare facility for end of life care. Corrected in fig 1.

Table 1 -

o]

My preference would be to provide exact P values for all variables using comparative
statistics here.
Added

> ICU outcome - death? In ICU or at any time in hospital? See earlier comment also.

Thank you. Clarified as above.

LOS in ICU - Is this for the first admission? What was the LOS for the readmission
episodes of those who came back to ICU? How many patients had more than one
readmission episode?

Thank you. Yes LOS in ICU is for the index admissions (first admissions). LOS for the
readmission episodes were reported in table 2. No patients reported with more than one
readmission episode.

Page 23 of 25



Wellcome Open Research Wellcome Open Research 2025, 7:272 Last updated: 31 MAR 2025

o If considering resource implication of readmissions, then it would be appropriate to
include mean LOS values in addition to median & IQR.
Thank you for the suggestion. Mean LOS with SD has been added to table 1.

o I'was surprised to see the duration of ventilation reported as mean SD. This typically
has a non-parametric distribution in most studies. Please check.
Thank you for highlighting. It has now been corrected in the table.

o Separate outcomes section of table from potential ‘exposure variables' which might
influence the chance of readmission (i.e. put night discharge and weekend dc
elsewhere)

Thank you. Table 2 has been revised to address the concern.
Table 2

I think this should be pivoted around so that it matches format of table 1. There is probably
no need to report alive and dead as separate columns.

Thank you. Table 2 described the readmission episodes not the characteristics of index admission
episodes .

The paper mixes in night discharge from the index admissions as a risk factor for mortality
of these patients. If the purpose of the paper is to describe and identify the risk factors for
readmission, then reporting whether night discharge is a risk factor for mortality is of
secondary importance and less relevance to this study. In addition, if the mortality outcome
the authors report is in-ICU mortality only, then reporting risk factors for mortality in the
readmitted patients is may be confounded or biased by lack of mortality outcomes in the
other patients who were discharged from ICU. It is quite possible that night discharge is a
RF for mortality in all patients not just in patients readmitted to ICU. I recommend removing
or reducing the focus on this.

Thank you. Table 2 has been revised to address the concern.

The whole paper should have a proof read to provide more clarity when the authors are
referring to ICU admission episodes, ICU readmission episode or patients. It is difficult to
follow sometimes when authors are referring to characteristics of the patient as opposed to

characteristics of the ICU episode. E.g. “...and invasive therapies including renal
replacement therapy (RRT) in ICU was higher in patients readmitted, than for index
admissions.”

Thank you. The characteristics of the patients and the ICU episodes have been rephrased for
more clarity.

Do the authors mean that patients who were readmitted had greater RRT use during their
initial admission to ICU than during the same patient's subsequent readmission episode, or
that patients who were readmitted to ICU had higher use of RRT during their initial ICU
episode than patients who were not readmitted to ICU?

Addressed above.

The authors state their intention to create a readmission risk prediction model. Most
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readmission models reported have low discriminatory power. They tend to perform better if
additional outcomes such as death after ICU discharge. What was the AUC of their
multivariable model? If not that high, then this also highlights the difficulty in creating such
models in future. However, it does not distract from the clinical relevance of their findings
which identify independent risk factors for readmission (as the authors rightly highlight in
the Discussion).

The AUC is 0.61. This has been added in the manuscript.

Hospital level process of care - where any measured? Many of these are mentioned in the
Discussion.
o Liaison service

o Handover processes

o Routine post-ICU review

o Insurance/payer status

o Nursing ratios in ICU or in ward

o Public vs. private (understanding that reporting of information which potentially
might identify the hospitals may not be possible)
We have amended the discussion to reflect the intention to explore these in the prospective study.
We have reported on the incidence of ICU readmission, the risk factors associated with ICU
readmission, the characteristics of the patients, the care processes delivered in ICU, organ
support, resource utilisation, timings of ICU discharge and the ICU outcomes. We have not
measured the hospital level process of care. We aim to measure these in the prospective study.

Conclusion Although statements such as “...The utilisation of finite and expensive resources
(organ support, ICU bed days) is higher in this population compared to HICs.” may be ok to
include and consider in the Discussion, the inclusion of this statement in the Conclusion is
not justified without presentation of data. It should be either removed or backed up with
information to support. I see no evidence that the relative resource utilisation of patients
readmitted to ICU is any different in this study to the HIC where I work and was in fact
surprised to see how similar it was.

Thank you. We have removed the statement from the conclusion in the revised manuscript.

Competing Interests: No competing interests were disclosed.
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