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FIG. 1. This figure illustrates the effect of frustration in a simplicial complex composed of a single face and with the orientation
of an edge reversed (panel d). We scan a range of values for both frustration parameters ↵1 and ↵2 Panel a shows the average
value of the simplicial order parameter defined in (26) in the stationary regime of the solution. Panels b and c respectively
show the slope of the time evolution of the gradient and curl projection of the dynamics. The regions in white show where
the projections are time independent, i.e. constant. In panel e two typical stationary trajectories of the dynamics are shown
in the regime with, panel e(i), and without, panel e(ii), a stationary curl. The frustration parameter values are indicated by
the magenta and green dots respectively in panels a,b,c. The circle markers on the trajectories are equally spaced in time
along one cycle. Panel f illustrates the sharp transition between vanishing and non vanishing slope of the projection of the
gradient in f(ii) and the resulting change of the trajectories in f(i). The frustration parameter values are shown by rounds of
corresponding colors in panels a,b,c. Notice that both curl projections overlap across the transition in f(ii).

parameterizing the speed of motion on this curve, repre-
sented in Fig. (1)(e)(i) as dots equally spaced in time.

Finally, in the regime with non-vanishing curl, upper
right of Fig. (1)(a-c), there exists a sharp transition along
↵1 between almost vanishing and positive gradient slope
while the curl projection grows continuously. In Fig. 1(f),
we show two trajectories on each side of this transition
(blue and orange dots in Fig. (1)(a-c)) which are partially
overlapping where segments of trajectories parallel to the
sin(✓1) axis are switching sign of sin(✓2). A more precise
understanding of this transition in the context of dynam-
ical system theory could be of interest but is beyond the
scope of this work.

Although simple, this simplicial complex already dis-
plays interesting and non-trivial dynamical behavior of
the simplicial Sakaguchi-Kuramoto model when the frus-
trations are turned on. However, this example does not
contain a hole, i.e. there is no harmonic component to
the dynamics. We explore the role of the harmonic com-

ponent of the dynamic in the next section.

B. Synchronization and edge orientation

For our second example, we use a slightly larger sim-
plicial complex which we display in Fig. 2(a) to study
the properties of the dynamics in the presence of a hole.
We previously mentioned in Sections II C and II E, that
if ↵1 2 Ker(L1) and ↵2 = 0, the dynamics will fully syn-
chronize with the stationary state ✓

(1) = ↵1. ↵2 > 0
will perturb the stationary state by increasing the gradi-
ent and curl components, but may remain in a simplicial
phase-lock for a wide range of parameters, including at
high frustration.

In Fig. 2(b)(i), without loss of generality, we fix ↵1 = 0
and scan ↵2 2

⇥
0, ⇡

2

⇤
and observe that for a given choice

of edge orientation, the level of synchronization, as mea-
sured by the simplicial order parameter, decreases with
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than fixed structural ones as may be the case for acquired
synaesthesia [52]. Broadly consistent with this, it has been
reported that subjects under the influence of psilocybin
have objectively worse colour perception performance
despite subjectively intensified colour experience [53].

To summarize, we presented a new method to analyse
fully connected, weighted and signed networks and applied
it to a unique fMRI dataset of subjects under the influence
of mushrooms. We find that the psychedelic state is associ-
ated with a less constrained and more intercommunicative
mode of brain function, which is consistent with descriptions
of the nature of consciousness in the psychedelic state.

7. Methods
7.1. Dataset
A pharmacological MRI dataset of 15 healthy controls was used
for a proof-of-principle test of the methodology [54]. Each subject
was scanned on two separate occasions, 14 days apart. Each scan
consisted of a structural MRI image (T1-weighted), followed by a
12 min eyes-close resting-state blood oxygen-level-dependent
(BOLD) fMRI scan which lasted for 12 min. Placebo (10 ml
saline, intravenous injection) was given on one occasion and psi-
locybin (2 mg dissolved in 10 ml saline) on the other. Injections
were given manually by a study doctor situated within the scan-
ning suite. Injections began exactly 6 min after the start of the
12-min scans, and continued for 60 s.

7.1.1. Scanning parameters
The BOLD fMRI data were acquired using standard gradient-echo
EPI sequences, reported in detail in reference [54]. The volume
repetition time was 3000 ms, resulting in a total of 240 volumes
acquired during each 12 min resting-state scan (120 pre- and 120
post-injection of placebo/psilocybin).

7.1.2. Image pre-processing
fMRI images were corrected for subject motion within individual
resting-state acquisitions, by registering all volumes of the

functional data to the middle volume of the acquisition using
the FMRIB linear registration motion correction tool, generating
a six-dimension parameter time course [55]. Recent work demon-
strates that the six parameter motion model is insufficient to
correct for motion-induced artefact within functional data,
instead a Volterra expansion of these parameters to form a 24
parameter model is favoured as a trade-off between artefact cor-
rection and lost degrees of freedom as a result of regressing
motion away from functional time courses [56]. fMRI data
were pre-processed according to standard protocols using a
high-pass filter with a cut-off of 300 s.

Structural MRI images were segmented into n ¼ 194 cortical
and subcortical regions, including white matter cerebrospinal
fluid (CSF) compartments, using FREESURFER (http://surfer.nmr.
mgh.harvard.edu/), according to the Destrieux anatomical atlas
[57]. In order to extract mean-functional time courses from
the BOLD fMRI, segmented T1 images were registered to the
middle volume of the motion-corrected fMRI data, using bound-
ary-based registration [58], once in functional space mean
time-courses were extracted for each of the n ¼ 194 regions in
native fMRI space.

7.1.3. Functional connectivity
For each of the 194 regions, alongside the 24 parameter motion
model time courses, partial correlations were calculated between
all couples of time courses (i,j ), non-neural time courses (CSF,
white matter and motion) were discarded from the resulting
functional connectivity matrices, resulting in a 169 region corti-
cal/subcortical functional connectivity corrected for motion
and additional non-neural signals (white matter/CSF).

7.2. Persistent homology computation
For each subject in the two groups, we have a set of persistence
diagrams relative to the persistent homology groups Hn. In this
paper, we use the H1 persistence diagrams of each group to
construct the corresponding persistence probability densities
for H1 cycles.

Filtrations were obtained from the raw partial-correlation
matrices through the PYTHON package Holes and fed to javaplex
[46] via a Jython subroutine in order to extract the persistence

(a) (b)

Figure 6. Simplified visualization of the persistence homological scaffolds. The persistence homological scaffolds Hp
pla (a) and Hp

psi (b) are shown for comparison.
For ease of visualization, only the links heavier than 80 (the weight at which the distributions in figure 5a bifurcate) are shown. This value is slightly smaller than
the bifurcation point of the weights distributions in figure 5a. In both networks, colours represent communities obtained by modularity [49] optimization on the
placebo persistence scaffold using the Louvain method [50] and are used to show the departure of the psilocybin connectivity structure from the placebo baseline.
The width of the links is proportional to their weight and the size of the nodes is proportional to their strength. Note that the proportion of heavy links between
communities is much higher (and very different) in the psilocybin group, suggesting greater integration. A labelled version of the two scaffolds is available as GEXF
graph files as the electronic supplementary material. (Online version in colour.)
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Figure 3. (Left column) patient movement of contacts population aggregated over Year 2. Core nodes are in
yellow, peripheral nodes in blue. The size of the nodes is proportional to the number of interactions - same time and
place - between carriers prior to collection time and contacts. The redness of the border of the node is proportional
to the number of carriers detected in the node. Edges between core nodes: yellow, edges between core and
peripheral nodes in grey, edges between peripheral nodes in blue.
(Right column) patient movement of background population aggregated over Year 2. The node colour represents
community assignment. The size of the nodes is proportional to the number of interaction - same time and place -
between carriers prior to collection time and contacts. Edge colour is grey if no patient from the contact population
moved between a pair of nodes, red if at least one such patient moved between a pair of nodes. The red edges are the
same as in the edges of in the left column.
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FIG. 1. This figure illustrates the effect of frustration in a simplicial complex composed of a single face and with the orientation
of an edge reversed (panel d). We scan a range of values for both frustration parameters ↵1 and ↵2 Panel a shows the average
value of the simplicial order parameter defined in (26) in the stationary regime of the solution. Panels b and c respectively
show the slope of the time evolution of the gradient and curl projection of the dynamics. The regions in white show where
the projections are time independent, i.e. constant. In panel e two typical stationary trajectories of the dynamics are shown
in the regime with, panel e(i), and without, panel e(ii), a stationary curl. The frustration parameter values are indicated by
the magenta and green dots respectively in panels a,b,c. The circle markers on the trajectories are equally spaced in time
along one cycle. Panel f illustrates the sharp transition between vanishing and non vanishing slope of the projection of the
gradient in f(ii) and the resulting change of the trajectories in f(i). The frustration parameter values are shown by rounds of
corresponding colors in panels a,b,c. Notice that both curl projections overlap across the transition in f(ii).

parameterizing the speed of motion on this curve, repre-
sented in Fig. (1)(e)(i) as dots equally spaced in time.

Finally, in the regime with non-vanishing curl, upper
right of Fig. (1)(a-c), there exists a sharp transition along
↵1 between almost vanishing and positive gradient slope
while the curl projection grows continuously. In Fig. 1(f),
we show two trajectories on each side of this transition
(blue and orange dots in Fig. (1)(a-c)) which are partially
overlapping where segments of trajectories parallel to the
sin(✓1) axis are switching sign of sin(✓2). A more precise
understanding of this transition in the context of dynam-
ical system theory could be of interest but is beyond the
scope of this work.

Although simple, this simplicial complex already dis-
plays interesting and non-trivial dynamical behavior of
the simplicial Sakaguchi-Kuramoto model when the frus-
trations are turned on. However, this example does not
contain a hole, i.e. there is no harmonic component to
the dynamics. We explore the role of the harmonic com-

ponent of the dynamic in the next section.

B. Synchronization and edge orientation

For our second example, we use a slightly larger sim-
plicial complex which we display in Fig. 2(a) to study
the properties of the dynamics in the presence of a hole.
We previously mentioned in Sections II C and II E, that
if ↵1 2 Ker(L1) and ↵2 = 0, the dynamics will fully syn-
chronize with the stationary state ✓

(1) = ↵1. ↵2 > 0
will perturb the stationary state by increasing the gradi-
ent and curl components, but may remain in a simplicial
phase-lock for a wide range of parameters, including at
high frustration.

In Fig. 2(b)(i), without loss of generality, we fix ↵1 = 0
and scan ↵2 2
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and observe that for a given choice

of edge orientation, the level of synchronization, as mea-
sured by the simplicial order parameter, decreases with
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A pharmacological MRI dataset of 15 healthy controls was used
for a proof-of-principle test of the methodology [54]. Each subject
was scanned on two separate occasions, 14 days apart. Each scan
consisted of a structural MRI image (T1-weighted), followed by a
12 min eyes-close resting-state blood oxygen-level-dependent
(BOLD) fMRI scan which lasted for 12 min. Placebo (10 ml
saline, intravenous injection) was given on one occasion and psi-
locybin (2 mg dissolved in 10 ml saline) on the other. Injections
were given manually by a study doctor situated within the scan-
ning suite. Injections began exactly 6 min after the start of the
12-min scans, and continued for 60 s.

7.1.1. Scanning parameters
The BOLD fMRI data were acquired using standard gradient-echo
EPI sequences, reported in detail in reference [54]. The volume
repetition time was 3000 ms, resulting in a total of 240 volumes
acquired during each 12 min resting-state scan (120 pre- and 120
post-injection of placebo/psilocybin).

7.1.2. Image pre-processing
fMRI images were corrected for subject motion within individual
resting-state acquisitions, by registering all volumes of the

functional data to the middle volume of the acquisition using
the FMRIB linear registration motion correction tool, generating
a six-dimension parameter time course [55]. Recent work demon-
strates that the six parameter motion model is insufficient to
correct for motion-induced artefact within functional data,
instead a Volterra expansion of these parameters to form a 24
parameter model is favoured as a trade-off between artefact cor-
rection and lost degrees of freedom as a result of regressing
motion away from functional time courses [56]. fMRI data
were pre-processed according to standard protocols using a
high-pass filter with a cut-off of 300 s.

Structural MRI images were segmented into n ¼ 194 cortical
and subcortical regions, including white matter cerebrospinal
fluid (CSF) compartments, using FREESURFER (http://surfer.nmr.
mgh.harvard.edu/), according to the Destrieux anatomical atlas
[57]. In order to extract mean-functional time courses from
the BOLD fMRI, segmented T1 images were registered to the
middle volume of the motion-corrected fMRI data, using bound-
ary-based registration [58], once in functional space mean
time-courses were extracted for each of the n ¼ 194 regions in
native fMRI space.

7.1.3. Functional connectivity
For each of the 194 regions, alongside the 24 parameter motion
model time courses, partial correlations were calculated between
all couples of time courses (i,j ), non-neural time courses (CSF,
white matter and motion) were discarded from the resulting
functional connectivity matrices, resulting in a 169 region corti-
cal/subcortical functional connectivity corrected for motion
and additional non-neural signals (white matter/CSF).

7.2. Persistent homology computation
For each subject in the two groups, we have a set of persistence
diagrams relative to the persistent homology groups Hn. In this
paper, we use the H1 persistence diagrams of each group to
construct the corresponding persistence probability densities
for H1 cycles.

Filtrations were obtained from the raw partial-correlation
matrices through the PYTHON package Holes and fed to javaplex
[46] via a Jython subroutine in order to extract the persistence

(a) (b)

Figure 6. Simplified visualization of the persistence homological scaffolds. The persistence homological scaffolds Hp
pla (a) and Hp

psi (b) are shown for comparison.
For ease of visualization, only the links heavier than 80 (the weight at which the distributions in figure 5a bifurcate) are shown. This value is slightly smaller than
the bifurcation point of the weights distributions in figure 5a. In both networks, colours represent communities obtained by modularity [49] optimization on the
placebo persistence scaffold using the Louvain method [50] and are used to show the departure of the psilocybin connectivity structure from the placebo baseline.
The width of the links is proportional to their weight and the size of the nodes is proportional to their strength. Note that the proportion of heavy links between
communities is much higher (and very different) in the psilocybin group, suggesting greater integration. A labelled version of the two scaffolds is available as GEXF
graph files as the electronic supplementary material. (Online version in colour.)

rsif.royalsocietypublishing.org
J.R.Soc.Interface

11:20140873

8

 D
ow

nl
oa

de
d 

fro
m

 h
ttp

s:/
/ro

ya
lso

ci
et

yp
ub

lis
hi

ng
.o

rg
/ o

n 
19

 O
ct

ob
er

 2
02

2 Petri et al., JRSIF

Lord, et al., NeuroImage
 14 

 414 
 415 
 416 
 417 
 418 
 419 
 420 
 421 
 422 

Stroke Medicine

Stroke Medicine
Trauma & Orthopaedics

Urology, General Surgery, 
Colorectal Surgery

Urology, General Surgery, 
ENT

Medical Oncology
Urology, Neurosurgery, Medical 

Oncology

Accident & Emergency, Geriatric 
Medicine (Decisions unit) 

Endocrinology, General 
Medicine 

ENT, Plastic Surgery

Gastroenterology, General 
Medicine 

General Medicine, General 
Surgery, Geriatric Medicine

General Medicine, Rehabilitation, 
Geriatric Medicine

General Medicine, Respiratory 
Medicine, Geriatric Medicine 

General Medicine, Respiratory 
Medicine, Geriatric Medicine

Geriatric Medicine, General Medicine
Geriatric Medicine, General Medicine

Medical Oncology, Clinical Oncology

Neurology

Neurology, Regabilitation

Neurosurgery

Neurosurgery, Urology, General Medicine

Neurosurgery, Urology, General 
Medicine

Respiratory Medicine, General Medicine Respiratory Physiology, 
Gastroenterology, Rheumatology

Neurology, Neurosurgery, General 
Medicine

Gynacology

Respiratory Medicine, General Medicine

Trauma & Orthopaedics, General 
surgery, Neurosurgery

Trauma & Orthopaedics, General surgery, Vscular Surgery

Vascular Surgery, General Surgery

General Surgery, Urology, 
Trauma & Orthopaedics 

Gastroenterology, General Medicine, 
Genitourinary Medicine

Accident and Emergency, General 
Surgery

Geriatric Medcine

General Surgery, 
Colorectal surgery 

General Medicine, Geriatric 
Medicine, Respiratory 

Medicine 

General Medicine, Geriatric 
Medicine, Respiratory 

Medicine 

Geriatric Medcine, General Medicine

General surgery, Gynaecology, Trauma & Orthopaedics

General Surgery, Colorectal 
surgery, Trauma & Orthopaedics 

General Medicine, Respiratory 
Medicine, Geriatric Medicine

General Medicine, Geriatric 
Medicine, Endocrinology

General Medicine, Genitourinary 
Medicine, Respiratory Medicine

General Medicine, Gastroenterology, 
Respiratory Medicine

General Surgery, Neurosurgery, 
Cardiothoracic Surgery

Trauma & Orthopaedics, General 
Surgery, Vascular Surgery−Ward 2

General Medicine, Respiratory 
Medicine, Hepatology

General Medicine, Geriatric Medicine
General Medicine, Geriatric Medicine, Respiratory Medicine

(Decisions unit)

Hepatobiliary & Pancreatic 
Surgery, ENT 

Infectious Disease, Geriatric 
Medicine, General Medicine 

Nephrology 

Nephrology 
Nephrology 
Nephrology 

Cardiac surgery, Thoracic Surgery, 
Cardiology  

Cardiac surgery, Thoracic surgery, 
Cardiology  

Cardiology 

Cardiology 

Cardiology 

Cardiology, General Medicine, 
Thoracic Surgery 

Hepatobiliary & Pancreatic 
Surgery, Nephrology 

Clinical Harmatology, 
Nephrology  

Clinical Harmatology, 
Nephrology  

Gastroenterology, Endocrinology, 
Rheumatology

Hospital site 1 Hospital site 2 

Hospital site 3 

Mendelsohn et al., Sci Rep

Contacts population Background population

Figure 3. (Left column) patient movement of contacts population aggregated over Year 2. Core nodes are in
yellow, peripheral nodes in blue. The size of the nodes is proportional to the number of interactions - same time and
place - between carriers prior to collection time and contacts. The redness of the border of the node is proportional
to the number of carriers detected in the node. Edges between core nodes: yellow, edges between core and
peripheral nodes in grey, edges between peripheral nodes in blue.
(Right column) patient movement of background population aggregated over Year 2. The node colour represents
community assignment. The size of the nodes is proportional to the number of interaction - same time and place -
between carriers prior to collection time and contacts. Edge colour is grey if no patient from the contact population
moved between a pair of nodes, red if at least one such patient moved between a pair of nodes. The red edges are the
same as in the edges of in the left column.
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Data sciences

a.k.a System thinking on the right hand side of the spectrum

Emergence of agency

https://petterhol.me/2022/06/11/intro-video-to-the-history-and-ideas-of-complexity-science-and-networks/


Healthcare sub-systems are interconnected

Population

World

Many sub-systems co-exist:
- Community and social care,
- Primary care,
- Secondary care,
- Mental health
- Diagnoses and treatments,
- Medication,
- Material procurement,
- Healthcare workforce,
- Drug development,
- …

They all interact between and within themselves.





Networks in the health care context
Nodes can be any type of entities:

- genes,
- patients,
- GP practices,
- hospital wards,
- hospitals,
- …

Edges can observed or deduced interactions:
- metabolic pathways,
- co-morbidities,
- antibiotics stewardship,
- patient movements,
- infections,
- …

Meta-data can add layers of depth to the representation, e.g. patient types, 
medications, etc …



Hospitals as complex systems - environment

Patients evolve in the hospital as an environment. 


Different parts of the system and pathways interact.

Wards depend from a speciality.


?

Estera Mendelsohn et al., Scientific Reports 2023



Hospitals as complex systems - environment

Estera Mendelsohn et al., Scientific Reports 2023

Wards depend from a speciality.


Hospital usage by patients determines their environment.

Patients evolve in the hospital as an environment. 


Different parts of the system and pathways interact.



Outcome: Length of stay

Typical transfer

Atypical transfer

A rare (12.9%) perturbation has significant consequences.

1 atypical transfer is associated with an increases of Length of Stay by 2.84 days 
1 regular transfer is associated with an increases of Length of Stay by 1.92 days

(95%CI: 2.56,3.12)

(95%CI: 1.82,2.03)

Estera Mendelsohn et al., Scientific Reports 2023



Hospitals as complex systems - feedback
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Reasons for transfer: unknown from data

New data source: those who generate the data


e.g. bed managers, clinicians, nurses

Estera Mendelsohn et al., Scientific Reports 2023

Qualitative research



 14 

 414 
 415 
 416 
 417 
 418 
 419 
 420 
 421 
 422 

Stroke Medicine

Stroke Medicine
Trauma & Orthopaedics

Urology, General Surgery, 
Colorectal Surgery

Urology, General Surgery, 
ENT

Medical Oncology
Urology, Neurosurgery, Medical 

Oncology

Accident & Emergency, Geriatric 
Medicine (Decisions unit) 

Endocrinology, General 
Medicine 

ENT, Plastic Surgery

Gastroenterology, General 
Medicine 

General Medicine, General 
Surgery, Geriatric Medicine

General Medicine, Rehabilitation, 
Geriatric Medicine

General Medicine, Respiratory 
Medicine, Geriatric Medicine 

General Medicine, Respiratory 
Medicine, Geriatric Medicine

Geriatric Medicine, General Medicine
Geriatric Medicine, General Medicine

Medical Oncology, Clinical Oncology

Neurology

Neurology, Regabilitation

Neurosurgery

Neurosurgery, Urology, General Medicine

Neurosurgery, Urology, General 
Medicine

Respiratory Medicine, General Medicine Respiratory Physiology, 
Gastroenterology, Rheumatology

Neurology, Neurosurgery, General 
Medicine

Gynacology

Respiratory Medicine, General Medicine

Trauma & Orthopaedics, General 
surgery, Neurosurgery

Trauma & Orthopaedics, General surgery, Vscular Surgery

Vascular Surgery, General Surgery

General Surgery, Urology, 
Trauma & Orthopaedics 

Gastroenterology, General Medicine, 
Genitourinary Medicine

Accident and Emergency, General 
Surgery

Geriatric Medcine

General Surgery, 
Colorectal surgery 

General Medicine, Geriatric 
Medicine, Respiratory 

Medicine 

General Medicine, Geriatric 
Medicine, Respiratory 

Medicine 

Geriatric Medcine, General Medicine

General surgery, Gynaecology, Trauma & Orthopaedics

General Surgery, Colorectal 
surgery, Trauma & Orthopaedics 

General Medicine, Respiratory 
Medicine, Geriatric Medicine

General Medicine, Geriatric 
Medicine, Endocrinology

General Medicine, Genitourinary 
Medicine, Respiratory Medicine

General Medicine, Gastroenterology, 
Respiratory Medicine

General Surgery, Neurosurgery, 
Cardiothoracic Surgery

Trauma & Orthopaedics, General 
Surgery, Vascular Surgery−Ward 2

General Medicine, Respiratory 
Medicine, Hepatology

General Medicine, Geriatric Medicine
General Medicine, Geriatric Medicine, Respiratory Medicine

(Decisions unit)

Hepatobiliary & Pancreatic 
Surgery, ENT 

Infectious Disease, Geriatric 
Medicine, General Medicine 

Nephrology 

Nephrology 
Nephrology 
Nephrology 

Cardiac surgery, Thoracic Surgery, 
Cardiology  

Cardiac surgery, Thoracic surgery, 
Cardiology  

Cardiology 

Cardiology 

Cardiology 

Cardiology, General Medicine, 
Thoracic Surgery 

Hepatobiliary & Pancreatic 
Surgery, Nephrology 

Clinical Harmatology, 
Nephrology  

Clinical Harmatology, 
Nephrology  

Gastroenterology, Endocrinology, 
Rheumatology

Hospital site 1 Hospital site 2 

Hospital site 3 

Reasons for atypical transfers
• Gang members 

“Another transfer or move of patient…operational wise is the 
trauma patients that involves police escort and so it's 
basically not clinical but we move them to separate all the 
trauma patients, due to, I don’t know, gang members. So we 
can’t put them in one ward”

• Specialised equipment 
“We don't have monitoring, cardiac monitoring facilities in 
most…wards there apart from Ward J and ITU, so therefore 
if they become unwell, if they're needing a cardiac monitor 
then… maybe to be fair, that would be an atypical transfer for 
them”

• Late night or weekend admissions 
“Out of hours…for example, oncology, neurology, they don’t 
admit patients. The patient is admitted under acute medicine 
and the speciality will take them over [the] next day”

Estera Mendelsohn et al., Scientific Reports 2023

Qualitative research
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Data+experiences >> data

• Atypical transfers are associated with a larger increase 
to LOS than normal transfers.

• They are rare but must understood.

• They are due to lack of bed space and multiple 
conditions.

• They must be minimised.

• But, they can also be beneficial.

Estera Mendelsohn et al., Scientific Reports 2023



Feedback

“I have trouble seeing how this can help us improve 
the quality and safety of care… from a health systems 
perspective, it is unclear what the results from the 
present study mean” – Reviewer for BMJ Quality and 
Safety journal

“It is a fascinating piece of work and considering the 
complexity it written in a really helpful and compelling 
way… I am going to give some more thought to the 
applicability of your findings to how we run things across 
the organisation and wider system” – Consultant 
Paediatrician and hospital director 



Thank you for listening

Li Pi, University of Oxford

Estera Mendelsohn, The Health Foundation Ceire Costelloe, 
Imperial College London

Jinjue Yue, UCL

Alexandra Lypynska, 
Solvency 2 Actuarial


