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Abstract
Background & objectives  Length of Stay (LoS) is a critical quality metric and focus of improvement efforts in 
healthcare. Successfully managing LoS depends on understanding the drivers of variation amenable to change. This 
study aims to (1) characterize physician-level variation in LoS; (2) identify physician actions associated with LoS; and (3) 
explore the individual-, team-, and hospital-level factors influencing this variation to generate hypotheses for further 
study.

Methods  This mixed-methods comparative case study approach examined six General Internal Medicine (GIM) 
departments in Toronto, Ontario. Physician-level variation in LoS was calculated using a random-intercept negative 
binomial regression model and sensitivity analysis. Semi-structured interviews and ethnographic observations 
were conducted and analyzed using the AACTT Framework (Action-Actor-Context-Target-Time), the Consolidated 
Framework for Implementation Research (CFIR), and the Theoretical Domains Frameworks (TDF). Hospitals with the 
lowest and highest physician-level variation in LoS were compared.

Results  Physician-level variation in LoS ranged from 1.7 to 7.0%, which—though modest numerically—represents 
meaningful differences in physician decision-making not explained by patient complexity, and no significant 
hospital-level effect was observed. Qualitative analysis from 12 observations and 67 interviews (32 GIM physicians and 
residents, 35 nurses and other health professionals) identified eight discrete physician actions influencing LoS, along 
with five individual-level factors and five team- and hospital-level factors. The nature of these factors was different 
when comparing hospitals with the lowest and highest variation. Organizational culture and perceptions of the 
patient population shaped physician perceptions of their professional role, while GIM departmental culture, structural 
characteristics, and communication networks informed physician beliefs about team capabilities and consequences 
of action (or inaction).
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Background
Inpatient Length of Stay (LoS) is often viewed as a proxy 
for efficient hospital operations [1], making it an area of 
strategic focus given cost and capacity pressures [2–5]. 
Prolonged LoS also heightens complication risk, includ-
ing infections and falls [6]. Numerous quality improve-
ment (QI) interventions, including new clinical care 
[7–10] programs, innovative staffing models [11, 12], and 
enhanced care coordination [13–17], have fallen short 
on aspirations to effectively manage LoS. One potential 
explanation is that intervention success depends on the 
interaction between physician-level factors (e.g. train-
ing, learning style, and self-efficacy) [18–22] and team- 
and hospital-level factors (e.g., team members, available 
resources, organizational culture, and population needs) 
[23–27], which have yet to be systematically explored.

Verma et al. found that LoS varies substantially across 
physicians [28], with another study reporting that differ-
ences in physician practice can account for up to 75% of 
observed variation in post-operative LoS [29], suggest-
ing individuals are a necessary target for intervention. 
Physician-level variation is ubiquitous despite extensive 
efforts to address it [30–35], highlighting the need to bet-
ter understand the factors influencing physician variation 
to identify potential targets for intervention [36–38]. In 
the absence of this, interventions to improve LoS will 
continue to lack clarity and specificity on who needs to 
do what differently [39, 40], leaving physician recipients 
aware of the challenge but unsure on how and when to 
modify their behaviour. Further, existing literature typi-
cally relies on health administrative data to describe phy-
sician variations in LOS [28, 41, 42], but this data fails 
to capture essential influences on physician practice like 
team culture or clinical reasoning.

Without identifying modifiable factors driving phy-
sician-level variation, interventions addressing LoS 
will likely remain ineffective. Implementation science, 
which bridges the gap between evidence-based interven-
tions and real-world application [43–45], offers a sys-
tematic approach for exploring what drives variation in 
LoS and which are amenable to change. This study uses 
a comparative case study design, treating each hospital 
as a distinct case, to [1] characterize the degree of phy-
sician-level variation in LoS across six General Internal 
Medicine (GIM) departments; [2] identify the physi-
cian actions associated with LoS; and [3] explore the 

modifiable factors at the hospital, team and physician-
level that qualitatively explain lower and higher levels of 
physician-level variation in LoS and accordingly generate 
hypotheses for further study. This study aims to advance 
evidence to better inform the design and implementation 
of QI interventions targeting in-patient LoS. Practically, 
it generates hypotheses for further study and provides 
insights into how hospitals might structure the care envi-
ronment to reduce variability in LoS.

Methods
This mixed-methods study used a convergent paral-
lel design [46] and was conducted between April 2021 
and April 2023. We followed a comparative case study 
approach [47], treating each hospital as a distinct case to 
empirically investigate factors that influence LoS across 
six GIM departments in the Greater Toronto Area in 
Ontario, Canada. Cases were selected as they were mem-
bers of a hospital research collaborative (GEMINI) and 
reflected a mix of both academic and community set-
tings. Quantitative data were modeled and interpreted 
within each hospital before cross-case aggregation. Qual-
itative data were analyzed and organized by case to facili-
tate cross-case comparisons of contextual drivers. While 
data were collected concurrently, we completed the 
qualitative analysis first to ensure the team was blinded 
to outcomes while constructing the case studies, followed 
by the case-specific quantitative analysis. While the 
results are presented by data type (i.e., quantitative and 
qualitative), each hospital-level case was constructed and 
analyzed using both data sources in an integrated man-
ner to ensure a comprehensive understanding of within-
site dynamics prior to cross-case comparison. We report 
details of our qualitative methods according to the Con-
solidated Criteria for Reporting Qualitative Research [48] 
(COREQ) (Please see Additional File 1). Approval for this 
study was obtained through the Women’s College Hospi-
tal Research Ethics Board and all participants provided 
informed consent.

Study setting
GIM departments within six large hospitals partici-
pated in the study, including four academic hospitals 
and two community hospitals, whose GIM services have 
been previously described [28, 49]. GIM admissions are 
almost entirely unplanned and occur primarily via the 

Conclusion  This study highlights the complex interplay between physician actions and factors influencing physician-
level variation in LoS. Interventions that target physicians but do not attend to team and hospital factors are likely 
insufficient to achieve sustained improvements in LoS. Aligning individual-level feedback and environmental 
restructuring with organizational values and needs of the patient population may offer a more promising approach to 
sustained improvement.
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emergency department. Patients are assigned to attend-
ing physicians ‘quasi-randomly’ by the on-call internal 
medicine resident or staff physician at the time of admis-
sion in the emergency department. As a result, differ-
ences in outcomes within a large hospital sample are 
attributable to physicians and their teams, rather than 
patient differences [28, 50].

Quantitative analysis
Study cohort creation
We extracted hospital encounter data between Janu-
ary 1, 2019 and December 31, 2021 from GEMINI [49], 
a hospital research collaborative [51], including patient 
characteristics, admission characteristics, and patient 
outcome data (Supplementary File #1). We created a 
three-level patient-physician-hospital nested dataset to 
facilitate the mixed effects analysis. Following Sergeant, 
Saha [52], we only included hospitalization encounters of 
patients admitted through the emergency department to 
maintain the quasi-random nature of patient assignment 
[28, 50]. Patients were attributed to the Most Responsible 
Physician (MRP), the physician responsible for the great-
est portion of the corresponding hospital length of stay 
as recoded in the Discharge Abstract Database [52, 53]. 
Patients were excluded if they had a LoS of more than 
30 days, as longer stays often lead to multiple physician 
handoffs which creates difficulties in attributing patient 
cases to a single MRP [28, 52]. To avoid potential clus-
tering effects at the patient level [54], we only included 
the first admission of patients with multiple admissions 
during the study period. Considering that physicians may 
work at multiple hospitals during the study period, we 
only included patients treated by MRPs at their primary 
practice location (defined by the greatest patient vol-
ume). To avoid the potential unstable estimation related 
to small sample sizes [55], we only included MRPs with at 
least 50 patients assigned to them at their primary prac-
tice location over the study period.

Statistical analysis
We used negative binomial regression with random 
intercepts to explore the variation in LoS that could be 
attributed to hospitals and MRPs, respectively [52, 56, 
57], where level 1 variables included patient and admis-
sion characteristics, level 2 denoted the MRP, and level 3 
denoted the hospital. The null nested three-level model 
(i.e., with no patient characteristics) revealed a hospital 
intra-class correlation coefficient (ICC) of 0.007, indicat-
ing no meaningful hospital-level effect. Subsequent anal-
yses proceeded with two-level random-intercept negative 
binomial regressions, with hospital treated as a patient-
level fixed effect when necessary. All models were fit with 
restricted maximum likelihood estimation.

We calculated the physician-level ICC to quantify the 
proportion of variance in LOS that may be attributable 
to MRPs. We adopted a staged modelling approach to 
investigate the ICC. First, we used the null model to esti-
mate the unconditional physician-level ICC. Then, we 
included patient and admission characteristics to esti-
mate the conditional ICC. To examine between-hospital 
heterogeneity, we replicated the null and full models for 
each individual hospital following Kirubarajan, Shin [57]. 
To visualize physician-level variations within each hospi-
tal, we plotted random intercepts that denote physician-
specific deviations from a hypothetical average physician 
at that hospital after adjustment for level 1 variables, with 
95% confidence intervals calculated using the conditional 
standard deviation.

We also calculated risk-standardized LOS ratios for 
each physician following Mohammed, et al. [58], exam-
ining the total number of predicted inpatient hours for 
a given MRP compared to the expected number of inpa-
tient hours if a hypothetical average MRP had treated 
those patents. All analyses were performed in R version 
4.1.3 [59] using or adapting code from the glmmTMB 
[60], performance [61], boot [62], and merTools [63] 
packages.

Qualitative analyses
Recruitment
The study physician lead at each hospital emailed all 
GIM staff about the study. Eligible interview participants 
included GIM physicians, medical residents (including 
chief residents), nurses (nurse practitioners, registered 
nurses, registered practical nurses), pharmacists, other 
health professionals (e.g., physiotherapists, occupational 
therapists, speech-language pathologists, discharge 
planners, care transition facilitators), and unit manag-
ers. Interested staff were advised to contact the study 
coordinator (DS) if they were interested in participat-
ing. Interested participants were provided with a study 
information sheet and verbal consent checklist upon con-
tacting the coordinator. We targeted 10 interviews (split 
evenly between physicians and health professionals) and 
3–5 physician observations at each hospital, with even 
distribution across participating hospitals. Eligible obser-
vation participants included GIM attending physicians, 
as their behaviour was the core focus of this study. All 
participants provided consent either verbally or through 
REDCap prior to interviews and observations.

Data collection
Participants completed virtual interviews with a research 
associate (DS, M.Sc.). Basic demographic information 
(e.g., race/ethnicity, gender, age, years in practice, hospi-
tal, clinical role) was collected at the end of interview. A 
semi-structured interview guide (Supplementary Files #4 
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and #5) informed by the Theoretical Domains Framework 
[64] (TDF), the Consolidated Framework for Implemen-
tation Research (CFIR) [65], and structuration theory 
[66], was developed specific to this study to explore par-
ticipant perceptions on the beliefs, attitudes, and per-
ceived physician actions that influence patient LoS. The 
TDF is an individual-level determinant framework that 
assesses influences on individual behaviour [67], while 
the CFIR is one of the most commonly used determi-
nant frameworks to assess contextual factors [65]. Struc-
turation theory is a social theory about the creation and 
reproduction of social systems based on analyzing both 
the structure and its agents, without giving primacy to 
either [66].

The interview guide explored three topics: (1) organiza-
tional culture and team functioning, including individual 
roles and responsibilities, how care is coordinated, what 
information is shared and with whom, and how these fac-
tors influence the quality of care; (2)  actions, decision-
making, and teamwork as it relates to the care of a typical 
GIM patient represented via a case vignette; and (3) par-
ticipant perceptions around the factors that influence 
LoS. All interviews were audio-recorded, transcribed, 
and anonymized by an independent third party.

In-person observations of physician participants were 
conducted by research staff (DS, KW, JV), guided by an 
ethnographic observation checklist (Supplementary 
File #6). Observations spanned a single shift of the phy-
sician (6–8  h) and focused on the attending physicians’ 
daily activities while on providing care on the in-patient 
unit, including all meetings and team interactions that 
occurred throughout the course of their shift. Research 
staff took extensive field notes, both handwritten and 
audio recorded, noting the nature of interactions, what 
and how information was shared, and who was present. 
Audio recordings were transcribed verbatim.

Data analysis
Interview and observational data were analyzed using a 
template analysis [68], whereby TDF and CFIR domains 
were applied as a priori codes and the remaining data was 
coded inductively. Codes were generated at the team-
level (i.e., GIM Department) across hospitals to support 
a comparative case study approach using the framework 
method [69]. A member of the research team (DS) inde-
pendently coded two interview transcripts to develop 
a preliminary codebook with TDF and CFIR domains. 
The research team then met to discuss the codebook 
and review emerging inductive themes under the guid-
ance of the principal investigator (LD). Interview tran-
scripts were then divided up for coding using NVivo 14 
(Lumivero), with each transcript being independently 
double-coded. The research team met to discuss cod-
ing and emergent themes on a hospital-by-hospital basis 

to construct case profiles at the hospital level. Obser-
vational data were used to validate interview themes 
and provide additional context to refine case (hospital 
level) understanding. These meetings were also used as 
an opportunity to review the analytic approach, resolve 
discrepancies, and ensure consistency in the coding 
approach across hospitals. To identify physician-level 
decisions and drivers of LoS, interview and observation 
data were organized by the Actor, Action, Context, Tar-
get, Time (AACTT) [70] framework to determine which 
discrete actions contributed to LoS in GIM, in what 
context(s), and who is involved. These were subsequently 
mapped to the corresponding TDF and CFIR domains 
to identify individual, team and organizational drivers 
of physician actions. Structuration theory was used as a 
sensitizing framework to ensure that TDF and CFIR driv-
ers were considered equally and that primacy was not 
given to either [66]. Specifically, as data was coded to 
both TDF and CFIR domains where appropriate (referred 
to as the intersection of behavioural and contextual deter-
minants), the authors constructed a matrix to simultane-
ously explore whether and how context interacted with 
individual behavioural determinants to impact physician-
level actions. Multiple peer debriefing meetings were 
conducted, and results were refined in partnership with 
team members with qualitative expertise (LD, NI, FL, 
SAB) and validated with clinical hospital leads (AV, FR, 
LLS, AW, TT).

Triangulation
To identify the drivers contributing to greater degrees 
of physician-level variation, we identified the two hos-
pitals with the lowest levels of physician-level physician 
variation and the two hospitals with the highest, and con-
ducted cross-case comparisons to generate hypotheses 
about what contributes to higher levels of physician-level 
variation in LoS.

Results
Objective 1: Understanding the degree of physician-level 
variation in length of stay
Our dataset included 44,371 individual patients seen by 
one of 204 GIM physicians across the six hospitals. The 
difference between the 10th and 90th percentile physician 
in average LoS ranged from 50 h at Hospital C to 108 h 
at Hospital F (see Table  1). In the two-level random-
intercept negative binomial regressions, physician-level 
variation accounted for 7.4% of the total variation in LoS 
(i.e., ICC) in the null model, ranging from 3.9 to 11.4% 
across hospitals. Physician-level variation remained at 
5.1% after adjustment for patient characteristics, ranging 
from 2.4 to 9.7% across hospitals and reflecting variation 
across a large cohort of patients from mild to severe ill-
ness. Although the absolute range of variation appears 
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small, it is consistent with prior literature on physician-
level effects and reflects systematic, non-random influ-
ences on LoS attributable to physician practice.

Meaningful physician-level variations in LoS were 
observed across all 6 hospitals (see Fig.  1 for a demon-
stration of within- and between-hospital variability in 
LoS). Variations were larger in some hospitals than oth-
ers. For example, close to half of MRPs in Hospitals A 
and F (47.8% and 40.5%, respectively) had an average LoS 
that was significantly different than the hospital average 
(see Fig. 1 A). In contrast, Hospitals C and D had 15.4% 
and 23.8% of MRPs with an average LoS that differed sig-
nificantly from their physician colleagues. Relative degree 
of physician-level variability is further supported in 
Fig. 1B, which displays physician-level risk-standardized 
LoS ratios by hospital in comparison to the expected LoS 
for a given MRP.

Objective 2: Identifying discrete physician behaviours 
related to length of stay through the AACTT framework
Our qualitative dataset included a total of 67 semi-
structured interviews with general internists (n = 27), 
medical residents (n = 5), nurses (n = 13), and other 
health disciplines (n = 22) across the six hospitals. Of 
the 67 participants, 43 (64%) were female and 24 (36%) 
were male (see Supplementary File #2 for participant 
demographics). Physicians ranged in age from 30 to 58 
years (mean = 40 years, n = 20), with 1–28 years of prac-
tice experience (mean = 10 years, n = 20). Interdisciplin-
ary staff ranged in age from 25 to 53 years (mean = 36 
years, n = 34), with 1–25 years of practice experience 
(mean = 9.5 years, n = 33). Interviews ranged from 40 to 
65 min (mean = 49 min). A total of 13 in-person observa-
tions were conducted across five of the six hospitals, for a 
total of 90 observed hours.

Qualitative interview participants identified discrete 
physician actions that influenced LoS, inclusive of activi-
ties from admission to discharge, which were validated 
through participant observations. The eight actions 
were common to GIM physicians across all six sites 
(see Table  2 for actions organized by the AACTT [70] 
framework). Of these, seven of the eight actions involved 

communication or collaboration with others, including 
the interdisciplinary care team or the patient and their 
caregiver(s).

Each action could be performed by the attending GIM 
physician or their assigned delegate, which varied across 
actions (e.g., senior or junior residents, medical students, 
discharge coordinators, etc.). These actions occurred 
across twelve different contexts (i.e., the physical loca-
tion or social setting in which action is performed), with 
seven different targets (i.e., the person or people with/or 
for whom the action is performed), highlighting the vari-
ability in how and with whom these actions were enacted. 
In addition, while these actions occurred across all care 
interactions, their timing (i.e., when they occurred during 
the care episode) was variable.

Objective 3: Identifying the drivers of physician-level 
variation
Similar drivers (TDF and CFIR domains) were identified 
across the eight physician actions, irrespective of hospital 
(see Fig. 2, and Supplementary File #3 for TDF domains 
across actions). Physician actions were influenced by fac-
tors operating at the hospital- and team-level, includ-
ing perceived patient needs and resources; the hospital’s 
organizational culture; the GIM team culture; commu-
nication networks within GIM; and the structural char-
acteristics of GIM care. These hospital- and team-level 
factors influenced physician-level factors, including per-
ceptions of their professional role; goals; sources of social 
influence; available resources; beliefs about team capabil-
ities; and beliefs about consequences.

Informed by structuration theory, our analysis revealed 
that TDF and CFIR domains were not mutually exclusive, 
but that hospital- and team-level factors were influenc-
ing physician-level factors. Specifically, hospital organi-
zational culture (CFIR) and patient needs and resources 
(CFIR) interacted to influence how physicians perceived 
their professional role and their related goals (TDF). At 
the team-level, GIM culture (CFIR), structural character-
istics (CFIR), and communication networks (CFIR) influ-
enced physicians’ beliefs about team member capabilities 
(TDF) and consequences of action (or inaction) (TDF). 

Table 1  Understanding physician-level variation in length of stay using two-level regression
All Hospitals Hospital A Hospital B Hospital C Hospital D Hospital E Hospital F

# of MRPs 204 23 27 26 42 49 37
# of patients 44,371 7,232 6,132 5,784 7,413 7,372 10,438
LOS in hours, median (Q1, Q3) 104

(50, 196)
95
(45, 188)

108
(54,208)

106
(54, 193)

93
(46, 188)

113
(60, 209)

104
(49, 194)

Difference in average LoS between the 10th and 
90th percentile MRPa

81 95 76 50 72 76 108

Full Modelb MRP ICC 0.051 0.097 0.0420 0.040 0.024 0.045 0.072
aThe values were calculated by aggregating patient-level LoS to each MRP then ranking MRPs by their average LoS
bThe full modeladjusted for fixed effects of age, gender, Charlson comorbidity index score, mLAPS, most responsible diagnoses, admission year, admission day, 
admission time, and the admitting hospital. For the individual hospitals, the full model included all covariates except the admitting hospital
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These intersecting factors provide both a lens through 
which variation at the physician-level can be prelimi-
narily understood and a framework to understand what 
distinguishing higher variation sites from lower variation 
sites (refer to Table 3).

Drivers of physician-level variation among hospitals with 
low physician variability
Hospitals C and D had the lowest degree of physician-
level variation (2.8% and 1.7% MRP ICC, respectively). 
Hospital D also had the lowest median LoS at 93 h while 
Hospital C had a median LoS of 106 h. Physicians at these 

Fig. 1  Physician-level variations in length of stay. A Physician-level estimates are random intercepts of the full model fit for each hospital. The horizontal 
line at 0 represents the hypothetical average physician within that hospital after adjustment for level 1 variables. Error bars represent 95% confidence 
intervals for each individual MRP, and black shading represents MRPs with significantly higher or lower estimates than hospital average. B Physician-level 
estimates are risk-adjusted LoS ratios of the full model. The numerator is the sum of predicted LOS values for a given MRP, considering their physician-
specific random effect. The denominator is the sum of expected LoS values without physician-specific random effects. A ratio of 1 indicates that the MRP’s 
LoS aligns with what would be expected based on the case mix of their patients. The error bars represent 95% coverage intervals derived from cluster 
bootstrap methods. Black shading represents MRPs with significantly higher or lower estimates than expected
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hospitals had fairly homogenous self-described practice 
style compared to physicians at other hospitals, that were 
driven by the degree of standardization facilitated by 
their departmental and hospital context (refer to Table 3). 
Hospital culture and team processes and norms (CFIR) 
influenced individual behavioral determinants (TDF) 
and this interaction between domains explained nuances 
underlying how physician actions were carried out across 
hospitals (refer to Table 4).

Hospital organizational culture (CFIR) and patient needs 
and resources (CFIR) interacted to inform how physicians 
perceived their professional role and set their goals (TDF)
Hospital organizational culture and perceived patient 
needs and resources influenced physician perceptions 
of their professional role and their corresponding goals 
as a GIM physician. Physicians in both Hospital C and 
D described a strong, supportive organizational culture, 
bolstered by strong administrative and clinical leader-
ship who were respected sources of support for the GIM 
department. Both hospitals described how the organiza-
tion set a positive tone and provided a clear operating 
structure, creating an environment that balanced physi-
cian autonomy with a standardized way of providing care 
(thereby decreasing variability across physicians).

“From the hospital, … value would be … in terms 
of effective communication within the team, work-
ing in a team environment to try actually achieve 

optimal care for patients because we all, in our cul-
ture, we all aim for improved patient outcome and 
to improve quality of care that we give to patients.” 
Hospital C, ID3.

These collaborative cultures supported caring for patient 
populations with a complex interplay of social determi-
nants of health that required a high degree of coordina-
tion within teams and between internal and external 
resources. While both hospitals described a range of 
resource challenges, most physicians in Hospitals C and 
D highlighted that the at-home reality and preferences of 
their patients directly influenced their decision-making. 
Teams were highly focused on ensuring all the right post 
discharge supports and safety nets were in place before 
discharge.

At Hospital C, physicians described the organization’s 
focus on caring for the whole person, motivating the 
team to plan toward comprehensive care upon admission 
and meet criteria for a safe patient discharge. Efficiency 
was focused on as an effort to serve the broader com-
munity and responsibly use public resources. In practice, 
this meant that physicians were comfortable ordering 
investigations, to ensure they could identify and address 
incidental findings before discharge – a reality of practice 
that was described as a key driver of variation at Hospi-
tal C that would contribute to a marginally longer LoS. 
Physicians at Hospital C described consistently engag-
ing nurses and other health professionals as part of their 

Fig. 2  Multi-level factors influencing patient length of stay in GIM. Note: The relationships in this image are simplified for the purposes of illustration. A 
nuanced description of the intersection between factors is described in the text
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professional role and strived to ensure access to post dis-
charge supports and resources.

In contrast, physicians at Hospital D describe the orga-
nization’s primary focus on patient flow, where the diag-
nosis upon admission determined goals of admission 
and discharge. This was prioritized with the “collective 
in mind” (referring to the broader community and region 
they served) while striving to ensure adequate access 
community supports post discharge. Physicians paid 
close attention to hospital census, often engaging in com-
munications via email or in person around capacity pres-
sures. This influenced approaches to discharge, whereby 
physicians might plan for swift discharge during periods 
of higher pressure. While balancing capacity pressures, 
physicians at Hospital D also engaged consistently with 
patients and caregivers to discuss their care progress and 
post discharge plan and would sometimes agree to a lon-
ger LoS if requested by the patient, their caregivers, or 
the interdisciplinary team. Wherever possible, physicians 
leveraged the support of available post discharge clinics 
and once the patient was medically stable, preferred to 
arrange for additional investigations as follow up.

“My personal style of practice is, at the time of 
admission, I tell the patient and the family the goals 
for their hospitalization. I also tell them the risks of 
being in hospital, including all the potential risks 
that they have by virtue of just being in a hospital-
ized environment. And I probably put a little bit of 
balanced fear in them, and every day when I round, 
they are asking for discharge if they’ve met all of the 
goals.” Hospital D, P1.

GIM culture (CFIR), structural characteristics (CFIR), and 
communication networks (CFIR) influenced physician’s 
beliefs about team member capabilities (TDF)
While physicians at Hospitals C and D had significantly 
different approaches to interacting with their inter-
disciplinary colleagues, participants at both hospitals 
described a high level of respect and collaboration, sup-
porting effective communication to assign and clearly 
delineated responsibilities related to the care goals. Par-
ticipants at Hospital C highlighted challenges with feeling 
aligned on criteria for discharge owing to the variability 
in terms of what safe and effective discharge looks like for 
a patient, at a specific point in time. Inconsistent com-
munications among physicians, patients, and members of 
the care team resulted in misunderstandings that lead to 
eventual delays for patient investigations required for dis-
charge, transitions to oral medications, and the organiza-
tion of home care supports. Communication challenges 
were described as a significant point of stress during 

the discharge process, given their self-described higher 
loads of complex patients that are socio-economically 
disadvantaged who require considerable post-discharge 
supports.

“We will hold them back and sometimes I just have 
to explain, once you can explain to the team your, 
the reason to the madness, they kind of understand 
actually you know, this actually will be a bounce 
back for me tomorrow if I do send this patient home 
because we’ve seen it so many times. And as I said, 
I’ve been in this role now for 18 years. I have seen 
a lot. So, once you just explain to the doctors that 
the safest discharge for this person would be Monday 
where we know that all the supports will be in and 
ready for this patient.” Hospital C, ID1.

Physicians at Hospital D described that their environ-
ment necessitated quick, clear, and streamlined commu-
nication between physicians and the unit-based patient 
care teams. Communication was predominantly via the 
electronic medical record (EMR) system, with some 
unstructured face-to-face interactions. The EMR system, 
and its embedded instant messaging module, was a key 
structural resource to enable collaboration at Hospital D, 
where the lack of geographic collocation of GIM physi-
cians and patients presented a structural barrier to easy 
collaboration between the physician and interdisciplinary 
team.

“[With the EMR chat feature] you can add mul-
tiple members to a chat [and] have a mini meeting 
on patients at times, if I’m including the nurse, the 
dietician, the doctor and kind of getting my update, 
and they give their respective updates. It allows us 
to all receive the same information instantaneously. 
– Hospital D, ID2.

Drivers of physician-level variation among 
hospitals with higher physician variability
Hospitals A and F had the highest levels of physician-
level variation (7.0% and 5.2% MRP ICC, respectively), 
with corresponding reports from interdisciplinary staff 
that patient care is largely determined by physician pref-
erences, in contrast to Hospitals C and D where physi-
cian practice styles were relatively more homogenous 
(refer to Table 3). The hospital culture and degree of stan-
dard departmental processes and norms (CFIR) resulted 
in less standardization, which led to greater influence 
of individual physician-level factors (TDF) determining 
how physician actions were carried out across hospitals 
(Table 4).
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Hospital organizational culture (CFIR) and patient needs 
and resources (CFIR) interacted to inform how physicians 
perceived their professional role and set their goals (TDF)
Both hospitals described serving a largely affluent, struc-
turally advantaged patient population with greater access 
to resources and social supports. This resulted in a lower 
perceived burden on the care team to facilitate post dis-
charge support and resources, creating flexibility for 
physicians at both hospitals to plan goals of admission 
and discharge criteria based on individual perception 
of current priorities. In contrast to Hospitals C and D, 
participants in Hospitals A and F described feeling dis-
connected and deprioritized in the context of their orga-
nizations. and participants at Hospital A described the 
environment as ‘GIM versus the hospital’. GIM culture, 
morale and motivation was driven by the GIM leaders 
and teams, more than the hospital leaders.

“… despite the large footprint we have within the 
inpatient side of the hospital, we’re not a prior-
ity (…). There’re no flashy ad campaigns there’s no 
major donors, we just (…) grind it out and see the 
patients (…) despite all the attention (…) to other 
programs (…)” Hospital F, P5.
“I think the organization’s pressure on GIM that the 
culture needs to based on efficiency kind of bleeds 
through. So, while people want to focus or under-
stand that it would be wonderful if we’re focused on 
collaboration, communication, patient care, patient 
safety, there’s the overarching kind of cloud of, every-
thing needs to move very quickly, everything needs to 
be as efficient as possible and we do not have time 
to do any of those things, move as fast as possible.” 
Hospital A, ID5.

Hospital communications about and messaging around 
capacity and census load pressures directly influenced 
physician decision-making around discharge criteria 
at both hospitals. Many physicians in Hospital F paid 
close attention to hospital census, efficiency metrics, and 
Alternative Level of Care (ALC) bed availability which 
determined how they approached discharge. Physicians 
at Hospital A explained that the organization’s focus on 
efficiency and patient census created an overall culture of 
urgency and efficiency that demanded high performance. 
This overarching tone of high performance created an 
environment where physicians had to regularly evaluate 
and re-balance competing priorities against the back-
drop of a culture of continuous improvement and teach-
ing and mentorship of multiple learners. As a result, their 
primary focus as a GIM physician varied depending on 
timing and context. Physicians at Hospital A determined 
goals of admission (Action 1), division and delegation of 

tasks, and thresholds for discharge based on patient vol-
umes, learner competence, and resource availability.

“I think the only unique part at [Hospital A] is that 
because we’re so used to very high volumes, we, most 
of the attendings come in earlier, just anecdotally, 
than I think typically occurs at other hospitals. And 
as a consequence, the patients are only reviewed 
between the staff physician and the admitting resi-
dent that was on overnight. But by contrast, in other 
places I’ve worked the volumes of new admissions 
would often allow for the entire team [medical and 
interprofessional teams] to be present when the case 
is reviewed, which helps with sort of the handover.” 
Hospital A>, P4.

Physicians at Hospital F similarly described competing 
priorities which manifested through managing the com-
mitments of multiple formalized leadership roles in addi-
tion to clinical and teaching responsibilities, including 
those related to quality, research, and academic affairs. 
They described prioritizing system needs (e.g., organi-
zational capacity pressures) while managing clinical care 
and integrating patient and family preferences when fea-
sible while discussing discharge plans with patients and 
caregivers. Some physicians who felt confident in com-
munity and out-patient supports were described as more 
“aggressive” by their colleagues, with their propensity to 
discharge quickly described as a product of their ability 
to maintain continuity and follow-up with patients as 
needed. Others described readmissions as an unavoidable 
reality due to limited resources and capacity restraints.

“Yeah, I think some physicians are not as aggressive, 
I think part of it is ability to follow patients. So, some 
clinicians are very happy to follow patients virtually 
or in their own clinics when they leave the hospital. 
Other physicians who might not have that type of 
practice or ability are probably more reluctant to 
send people home a day early, so to speak.” Hospital 
F, P3.

GIM team culture (CFIR), communication networks 
(CFIR), and structural characteristics (CFIR) led to varying 
physicians beliefs about team member capabilities (TDF) 
and consequences (TDF)
In contrast to the low variability hospitals (Hospitals C 
and D), there was more diversity in how physicians at 
Hospitals A and F described their engagement with inter-
disciplinary professionals. Physicians focused on consult-
ing within medical team to achieve the clinical goals of 
care and may not consistently facilitate dialogue around 
roles and responsibilities of interdisciplinary staff in the 
patient care episode. In such cases, the interdisciplinary 
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team often made assumptions about how to work best 
with the attending physician, either informed by prior 
experience or insights from colleagues. Inconsistency in 
whether and how well-informed members of the interdis-
ciplinary team were of the attending physicians’ decision 
processes and desire for status updates also contributed 
to confusion. Beyond daily inter-professional rounds, 
Hospital A did not have standardized communication 
norms and communication frequency and modality (e.g., 
email, text messaging, EMR chat etc.) was based on phy-
sician preferences.

“If [the physician says] that the patient was sup-
posed to be discharged at the rounds and then like 
it’s 13:00 and then you’re like the patient’s still not 
discharged what’s happening? …. Now we have to 
page the team ourselves, “Hey were told by the in-
charge during rounds that they were supposed to be 
discharged.” “Oh no –” and then they’ll say “No, oh 
no, you know, they have to get seen by this, you know, 
hepatology first or they have to do this test first” but 
like no one tells us anything. So we’re kind of like oh 
OK meanwhile we told the patient that they might 
be discharged today and then no one says anything 
afterwards. No one follows up with the patient and 
no one follows up with the nurse. It may be talked 
about within their own team, but it just doesn’t get 
relayed to us anymore.”Hospital A, ID4.

Discussion
This mixed-methods study applied implementation sci-
ence to examine factors influencing quantified physi-
cian-level variation in LoS across six hospitals. Five key 
hospital- and team-level factors were identified: organiza-
tional culture; perceived needs of the patient population; 
team culture; the nature of collaboration with interdisci-
plinary teams; and the structure of roles and discharge 
resources. These factors shaped physician perceptions of 
their role, goals, beliefs about team member capabilities, 
and beliefs about the consequences of action. Hospitals 
with lower physician-level variation exhibited stronger 
team dynamics, characterized by a clear understanding of 
roles, trust in the capabilities of all team members, and 
consistent communication.

Previous qualitative research highlights organizational 
climate [71], a culture of shared beliefs and norms [26], 
and patient characteristics [72–74] as factors influenc-
ing physician decision-making. Our work builds on this 
research by highlighting the interplay across factors- a 
key element to support the design of effective improve-
ment interventions [75, 76]. Our findings reinforce prior 
literature referencing strong and weak situations, where 
a strong situation provides clear cues for behaviour 
in a way that produces consistent actions in line with 

situational constraints [77–79]. The movement towards 
evidence-based care is based on the notion that cultivat-
ing strong contexts mitigates decisions based on a health-
care professional’s “unsystematic clinical experience” 
[80], which may manifest as physician-level variation in 
outcomes. While the absolute magnitude of variation in 
LoS may appear modest, our qualitative findings suggest 
that even small differences reflect meaningful variation in 
physician decision-making shaped by local context. This 
underscores a disconnect between what appears quanti-
tatively minimal and what is experienced qualitatively as 
significant by care teams and patients.

Hospitals with relatively lower physician-level varia-
tion seemed to exhibit consistent collaboration between 
medical and interdisciplinary teams, though collabora-
tion style varied across hospitals. This was characterized 
by a shared understanding of roles and responsibilities 
and supported by structured, team-based resources. 
Our results suggest that physician-level variation in LoS 
is largely influenced by hospital- and team-level factors 
[54], aligning with QI research that interventions should 
focus on the inter-connections between systems and indi-
vidual actors [81, 82] and address two or more levels of 
influence simultaneously [76, 83]. This is also consistent 
with scholarship that suggests strong professional cul-
ture limits individual differences [77] and promotes con-
sistency across all members of the team. Restructuring 
the environment in collaboration with teams effectively 
improves collaboration and guideline-based care [84], 
emphasizing the need for a team-based lens to improv-
ing LoS. Evidence based strategies may include training 
team members together, developing consistent practices 
toward information sharing and fostering an organiza-
tional culture through mechanisms that balance interdis-
ciplinary and medical collaboration [85]. Future research 
should attend to the influence of context when piloting 
and evaluating interventions to inform what works best, 
for which teams, in which contexts.

Our mixed-methods approach provides insights into 
how participants perceive their actions and those of 
their team members impact patient LoS, supported by 
direct observations of physician behaviour and interac-
tions. However, the Hawthorne effect may have influ-
enced observed behaviour [86], thought this is mitigated 
through triangulating the interview and observational 
data. While our qualitative data is valuable for hypoth-
esis generation, it does not establish directionality or 
causality. The identified factors likely interact bi-direc-
tionally and future research should test these relation-
ships through methods like coincidence analysis to assess 
conditions (e.g., strong organizational culture, strong 
team collaboration, centralized discharge resources, 
etc.) coincident with less variability in LoS [87]. We are 
unable to quantitatively determine the degree to which 
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the individual actions identified contribute to variation 
in LoS, however this work provides insight into the areas 
of influence where measurement is likely to be valuable. 
Despite qualitative findings on hospital-level factors, we 
did not detect meaningful hospital-level variation in LoS, 
likely due to the sample size (n = 6 hospitals). Future stud-
ies should explore 3-level models with a larger sample 
size that includes a minimum of 30 clusters [88]. While 
the composition of interdisciplinary care teams varied 
across the hospitals, examining the implications was 
beyond the scope of this study. Lastly, data collection 
during the COVID-19 pandemic may have also intro-
duced recall and recency bias, despite efforts to prompt 
reflection on pre-pandemic experiences.

Conclusions
As health administrators, clinical leaders, and profes-
sional organizations continue to design and deliver 
improvement interventions aimed at addressing capac-
ity challenges, our study helps illuminate the interplay 
between hospital-, team-, and physician-level factors 
influencing the degree of physician-level variation in LoS. 
Improvement interventions targeting physician-level 
change may be low-yield and burdensome in the absence 
of a multi-level approach targeting structural changes. 
Specifically, interventions should target organizational 
culture to cultivate ‘strong situations’, where collective 
norms are encouraged by structures and processes; facili-
tate the effective flow of information between the various 
clinical care teams; and ensure clear roles and responsi-
bilities across members of the care team. Aligning indi-
vidual-level feedback and environmental restructuring 
with organizational values and patient population needs 
is a promising approach, as these factors interact to influ-
ence clinical decision-making and patient LoS.

Abbreviations
GIM	� General Internal Medicine
AACTT Framework	� Action-Actor-Context-Target-Time Framework
CFIR	� Consolidated Framework for Implementation Research
TDF	� Theoretical Domains Frameworks
LoS	� Length of Stay
QI	� Quality Intervention
MRP	� Most Responsible Physician
ICC	� Intra-class correlation coefficient
EMR	� Electronic Medical Record
ALC	� Alternative Level of Care
CIHR	� Canadian Institute of Health Research

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​1​3​-​0​2​5​-​1​3​3​0​4​-​5.

Supplementary Material 1

Acknowledgements
We thank the GEMINI team for their guidance and support in creating the 
patient cohort for this study. We are also grateful to the many participants 

who volunteered their time to participate in this study and allowed us to 
observe their day-to-day reality.

Authors’ contributions
LD conceived and designed the study. DS, RW collected, analyzed, and 
interpreted the data as well as drafted the work and substantively revised it. 
LLP, TT, NI, FC, SCM, SAB, JP, AV, FR, LD analyzed and interpreted the data. AH, 
NM, MT, GR, SBR, SCM provided feedback that substantively revised the work. 
All authors read and approved the final manuscript.

Funding
Laura Desveaux received grant support from the Canadian Institute of Health 
Research (CIHR) for this work (grant award number PJT-168930). The other 
authors have no conflicts of interest to declare.

Data availability
The manuscript has analysed data included as electronic supplementary 
material. The raw datasets generated and analyzed during the current study 
are not publicly available as they are interview transcripts or observational 
field notes that might risk identify the participants. To maintain anonymity 
data files will be available from the corresponding author on reasonable 
request.

Declarations

Ethics approval and consent to participate
Approval for this study was obtained through the Women’s College Hospital 
Research Ethics Board. All participants provided informed consent.

Consent for publication
Not applicable.

Competing interests
Dr. Laura Desveaux reports financial support was provided by Canadian 
Institute of Health Research. Dr. Amol Verma reports relationships with the 
University of Toronto Temerty Faculty of Medicine and Ontario Health that 
include employment. Amol Verma has patent issued to Signal1. All other 
authors declare that they have no known competing financial interests 
or personal relationships that could have appeared to influence the work 
reported in this paper.

Author details
1Institute for Better Health, Trillium Health Partners, 2085 Hurontario St, 
Mississauga, ON L5A-4G1, Canada
2Women’s College Hospital, Toronto, ON, Canada
3Department of Medicine, University of Toronto, Toronto, ON, Canada
4Department of Medicine, University Health Network, Toronto, ON, 
Canada
5Program of Medicine, Trillium Health Partners, Mississauga, ON, Canada
6School of Medicine, Wake Forest University, Winston-Salem, NC, USA
7Li Ka Shing Knowledge Institute, St Michael’s Hospital, Toronto, ON, 
Canada
8Interprofessional Practice Department, Unity Health Toronto, Toronto, 
ON, Canada
9Lawrence Bloomberg Faculty of Nursing, University of Toronto, Toronto, 
ON, Canada
10Institute for Health Policy, Management, and Evaluation, University of 
Toronto, Toronto, ON, Canada
11University College of London, London, England
12Child Health Evaluative Sciences Program, SickKids Research Institute, 
Toronto, ON, Canada
13Methodological and Implementation Research, Ottawa Hospital 
Research Institute, Ottawa, ON, Canada
14School of Epidemiology and Public Health, University of Ottawa, 
Ottawa, ON, Canada
15Nursing Department, Université du Québec en Outaouais, Gatineau, 
QC, Canada
16Division of Biostatistics, Dalla Lana School of Public Health, University of 
Toronto, Toronto, Canada
17Institut du Savoir Montfort, Ottawa, ON, Canada

https://doi.org/10.1186/s12913-025-13304-5
https://doi.org/10.1186/s12913-025-13304-5


Page 17 of 18Srinivasan et al. BMC Health Services Research         (2025) 25:1292 

18Leslie Dan Faculty of Pharmacy, University of Toronto, Toronto, ON, 
Canada
19Department of Medicine, St. Michael’s Hospital, Toronto, ON, Canada

Received: 6 November 2024 / Accepted: 26 July 2025

References
1.	 Siddique SM, Tipton K, Leas B, Greysen SR, Mull NK, Lane-Fall M, et al. 

Interventions to reduce hospital length of stay in high-risk populations: a 
systematic review. JAMA Netw Open. 2021;4(9):e2125846-e.

2.	 Sen-Crowe B, Sutherland M, McKenney M, Elkbuli A. A closer look into global 
hospital beds capacity and resource shortages during the COVID-19 pan-
demic. J Surg Res. 2021;260:56–63.

3.	 Dall TM, Gallo PD, Chakrabarti R, West T, Semilla AP, Storm MV. An aging 
population and growing disease burden will require a large and specialized 
health care workforce by 2025. Health Aff (Millwood). 2013;32(11):2013–20.

4.	 Barer ML, Evans RG, Hertzman C, McGrail KM, Morgan SG. Apocalypse no: 
population aging and the future of health care systems. Canadian Journal on 
Aging / La Revue canadienne du vieillissement. 2001;20(S1):160–91.

5.	 What’s driving. Increasing length of stay in hospitals since 2019? The Health 
Foundation; 2023.

6.	 Rojas-García A, Turner S, Pizzo E, Hudson E, Thomas J, Raine R. Impact and 
experiences of delayed discharge: a mixed-studies systematic review. Health 
Expect. 2018;21(1):41–56.

7.	 Lee Y, Yu J, Doumouras AG, Li J, Hong D. Enhanced recovery after surgery 
(ERAS) versus standard recovery for elective gastric cancer surgery: a meta-
analysis of randomized controlled trials. Surg Oncol. 2020;32:75–87.

8.	 Greer NL, Gunnar WP, Dahm P, Lee AE, MacDonald R, Shaukat A, et al. 
Enhanced recovery protocols for adults undergoing colorectal surgery: a 
systematic review and meta-analysis. Dis Colon Rectum. 2018;61(9):1108–18.

9.	 Hoyer EH, Friedman M, Lavezza A, Wagner-Kosmakos K, Lewis-Cherry R, 
Skolnik JL, et al. Promoting mobility and reducing length of stay in hospital-
ized general medicine patients: a quality-improvement project. J Hosp Med. 
2016;11(5):341–7.

10.	 Dietz N, Sharma M, Adams S, Alhourani A, Ugiliweneza B, Wang D, et al. 
Enhanced recovery after surgery (ERAS) for spine surgery: a systematic 
review. World Neurosurg. 2019;130:415–26.

11.	 Mercedes A, Fairman P, Hogan L, Thomas R, Slyer JT. Effectiveness of 
structured multidisciplinary rounding in acute care units on length of stay 
and satisfaction of patients and staff: a quantitative systematic review. JBI 
Database Syst Rev Implement Rep. 2016;14(7):131–68.

12.	 Butler M, Schultz TJ, Halligan P, Sheridan A, Kinsman L, Rotter T, et al. Hospital 
nurse-staffing models and patient- and staff-related outcomes. Cochrane 
Database Syst Rev. 2019;4(4):Cd007019.

13.	 Ridwan ES, Hadi H, Wu YL, Tsai PS. Effects of transitional care on hospital 
readmission and mortality rate in subjects with COPD: A systematic review 
and Meta-Analysis. Respir Care. 2019;64(9):1146–56.

14.	 Okere AN, Renier CM, Frye A. Predictors of hospital length of stay and read-
missions in ischemic stroke patients and the impact of inpatient medication 
management. J Stroke Cerebrovasc Dis. 2016;25(8):1939–51.

15.	 Grover CA, Sughair J, Stoopes S, Guillen F, Tellez L, Wilson TM, et al. Case 
management reduces length of stay, charges, and testing in emergency 
department frequent users. West J Emerg Med. 2018;19(2):238–44.

16.	 Zhu QM, Liu J, Hu HY, Wang S. Effectiveness of nurse-led early discharge 
planning programmes for hospital inpatients with chronic disease or 
rehabilitation needs: a systematic review and meta-analysis. J Clin Nurs. 
2015;24(19–20):2993–3005.

17.	 Van Spall HGC, Rahman T, Mytton O, Ramasundarahettige C, Ibrahim Q, Kabali 
C, et al. Comparative effectiveness of transitional care services in patients 
discharged from the hospital with heart failure: a systematic review and 
network meta-analysis. Eur J Heart Fail. 2017;19(11):1427–43.

18.	 Wang M, Burlacu G, Truxillo D, James K, Yao X. Age differences in feedback 
reactions: the roles of employee feedback orientation on social awareness 
and utility. J Appl Psychol. 2015;100(4):1296–308.

19.	 Braddy P, Sturm R, Atwater L, Smither J, Fleenor J. Validating the feedback ori-
entation scale in a leadership development context. Group Organ Manage. 
2013;38:690–716.

20.	 Sinclair HK, Cleland JA. Undergraduate medical students: who seeks forma-
tive feedback? Med Educ. 2007;41(6):580–2.

21.	 Kealey E, Leckman-Westin E, Finnerty MT. Impact of four training conditions 
on physician use of a web-based clinical decision support system. Artif Intell 
Med. 2013;59(1):39–44.

22.	 McAlearney AS, Robbins J, Kowalczyk N, Chisolm DJ, Song PH. The role 
of cognitive and learning theories in supporting successful EHR sys-
tem implementation training: a qualitative study. Med Care Res Rev. 
2012;69(3):294–315.

23.	 Aarons GA, Sommerfeld DH. Leadership, innovation climate, and attitudes 
toward evidence-based practice during a statewide implementation. J Am 
Acad Child Adolesc Psychiatry. 2012;51(4):423–31.

24.	 Greenhalgh T, Robert G, Macfarlane F, Bate P, Kyriakidou O. Diffusion of inno-
vations in service organizations: systematic review and recommendations. 
Milbank Q. 2004;82(4):581–629.

25.	 Granja C, Janssen W, Johansen MA. Factors determining the success and 
failure of eHealth interventions: systematic review of the literature. J Med 
Internet Res. 2018;20(5):e10235.

26.	 Hysong SJ, Best RG, Pugh JA, Moore FI. Not of one mind: mental models of 
clinical practice guidelines in the veterans health administration. Health Serv 
Res. 2005;40(3):829–47.

27.	 Suhoyo Y, Van Hell EA, Kerdijk W, Emilia O, Schönrock-Adema J, Kuks JB, et al. 
Influence of feedback characteristics on perceived learning value of feedback 
in clerkships: does culture matter? BMC Med Educ. 2017;17(1):69.

28.	 Verma AA, Guo Y, Jung HY, Laupacis A, Mamdani M, Detsky AS, et al. Physi-
cian-level variation in clinical outcomes and resource use in inpatient general 
internal medicine: an observational study. BMJ Qual Saf. 2021;30(2):123–32.

29.	 Krell RW, Girotti ME, Dimick JB. Extended length of stay after surgery: compli-
cations, inefficient practice, or sick patients? JAMA Surg. 2014;149(8):815–20.

30.	 Wang DE, Tsugawa Y, Figueroa JF, Jha AK. Association between the centers for 
Medicare and Medicaid services hospital star rating and patient outcomes. 
JAMA Intern Med. 2016;176(6):848–50.

31.	 Chan PS, Nichol G, Krumholz HM, Spertus JA, Jones PG, Peterson ED, et 
al. Racial differences in survival after in-hospital cardiac arrest. JAMA. 
2009;302(11):1195–201.

32.	 Fisher ES, Bynum JP, Skinner JS. Slowing the growth of health care costs–les-
sons from regional variation. N Engl J Med. 2009;360(9):849–52.

33.	 Jha AK, Perlin JB, Kizer KW, Dudley RA. Effect of the transformation of the 
veterans affairs health care system on the quality of care. N Engl J Med. 
2003;348(22):2218–27.

34.	 Burwen DR, Galusha DH, Lewis JM, Bedinger MR, Radford MJ, Krumholz HM, 
et al. National and state trends in quality of care for acute myocardial infarc-
tion between 1994–1995 and 1998–1999: the medicare health care quality 
improvement program. Arch Intern Med. 2003;163(12):1430–9.

35.	 Rathore SS, Foody JM, Wang Y, Smith GL, Herrin J, Masoudi FA, et al. Race, 
quality of care, and outcomes of elderly patients hospitalized with heart 
failure. JAMA. 2003;289(19):2517–24.

36.	 Hong AS, Ross-Degnan D, Zhang F, Wharam JF. Small decline in Low-Value 
back imaging associated with the ‘choosing wisely’ campaign, 2012-14. 
Health Aff (Millwood). 2017;36(4):671–9.

37.	 Rosenberg A, Agiro A, Gottlieb M, Barron J, Brady P, Liu Y, et al. Early trends 
among seven recommendations from the choosing wisely campaign. JAMA 
Intern Med. 2015;175(12):1913–20.

38.	 Ivers N, Jamtvedt G, Flottorp S, Young JM, Odgaard-Jensen J, French SD, 
et al. Audit and feedback: effects on professional practice and healthcare 
outcomes. Cochrane Database Syst Rev. 2012;6:Cd000259.

39.	 Sarkies M, Francis-Auton E, Long J, Roberts N, Westbrook J, Levesque JF, et al. 
Audit and feedback to reduce unwarranted clinical variation at scale: a realist 
study of implementation strategy mechanisms. Implement Sci. 2023;18(1): 
71.

40.	 van der Veer SN, de Vos MLG, van der Voort PHJ, Peek N, Abu-Hanna A, 
Westert GP, et al. Effect of a multifaceted performance feedback strategy on 
length of stay compared with benchmark reports alone: a cluster random-
ized trial in intensive care. Crit Care Med. 2013. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​7​​/​C​​C​M​.​​0​
b​0​​1​3​e​3​​1​8​​2​8​a​3​1​e​e.

41.	 Stone KZR, Jones P, Mac Parthaláin N. A systematic review of the prediction 
of hospital length of stay: towards a unified framework. PLoS Digit Health. 
2022;1(4):e0000017.

42.	 Brasel KJ, Lim HJ, Nirula R, Weigelt JA. Length of stay: an appropriate quality 
measure?? Arch Surg. 2007;142(5):461–6.

43.	 Neuman HB, Kaji AH, Haut ER. Practical guide to implementation science. 
JAMA Surg. 2020;155(5):434–5.

44.	 Aarons GA, Sklar M, Sevdalis N. Implementation science: translating research 
into practice for sustained impact. In: Sanchez JA, Barach P, Johnson JK, 

https://doi.org/10.1097/CCM.0b013e31828a31ee
https://doi.org/10.1097/CCM.0b013e31828a31ee


Page 18 of 18Srinivasan et al. BMC Health Services Research         (2025) 25:1292 

Jacobs JP, editors. Surgical patient care: improving safety, quality and value. 
Cham: Springer International Publishing; 2017. pp. 277–93.

45.	 Fuhr D, Wensing M. Evidence to practice: implementing Evidence-Based pre-
vention programs. In: Ahrens W, Pigeot I, editors. Handbook of epidemiology. 
New York, NY: Springer New York; 2019. pp. 1–26.

46.	 Hirose M, Creswell JW. Applying core quality criteria of mixed methods 
research to an empirical study. J Mixed Methods Res. 2022;17(1):12–28.

47.	 Yin RK. Discovering the future of the case study. Method in evaluation 
research. Evaluation Pract. 1994;15(3):283–90.

48.	 Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative 
research (COREQ): a 32-item checklist for interviews and focus groups. Int J 
Qual Health Care. 2007;19(6):349–57.

49.	 Verma AA, Guo Y, Kwan JL, Lapointe-Shaw L, Rawal S, Tang T, et al. Patient 
characteristics, resource use and outcomes associated with general internal 
medicine hospital care: the general medicine inpatient initiative (GEMINI) 
retrospective cohort study. CMAJ Open. 2017;5(4):E842–9.

50.	 Tsugawa Y, Jha AK, Newhouse JP, Zaslavsky AM, Jena AB. Variation in physi-
cian spending and association with patient outcomes. JAMA Intern Med. 
2017;177(5):675–82.

51.	 Verma AA, Pasricha SV, Jung HY, Kushnir V, Mak DYF, Koppula R, et al. Assess-
ing the quality of clinical and administrative data extracted from hospitals: 
the general medicine inpatient initiative (GEMINI) experience. J Am Med 
Inform Assoc. 2020;28(3):578–87.

52.	 Sergeant A, Saha S, Shin S, Weinerman A, Kwan JL, Lapointe-Shaw L, et 
al. Variations in processes of care and outcomes for hospitalized general 
medicine patients treated by female vs male physicians. JAMA Health Forum. 
2021;2(7):e211615–e.

53.	 Canadian Institute for Health Information. Discharge abstract database 
abstracting manual, 2022–2023. Ottawa, ON: CIHI; 2022.

54.	 Goodwin JS, Lin YL, Singh S, Kuo YF. Variation in length of stay and outcomes 
among hospitalized patients attributable to hospitals and hospitalists. J Gen 
Intern Med. 2013;28(3):370–6.

55.	 Scherbaum CA, Ferreter JM. Estimating statistical power and required sample 
sizes for organizational research using multilevel modeling. Organ Res Meth-
ods. 2009;12(2):347–67.

56.	 McNeish D, Wentzel KR. Accommodating small sample sizes in three-
level models when the third level is incidental. Multivar Behav Res. 
2017;52(2):200–15.

57.	 Kirubarajan A, Shin S, Fralick M, Kwan J, Lapointe-Shaw L, Liu J, et al. Morning 
discharges and patient length of stay in inpatient general internal medicine. J 
Hosp Med. 2021;16(6):333–8.

58.	 Mohammed MA, Manktelow BN, Hofer TP. Comparison of four methods for 
deriving hospital standardised mortality ratios from a single hierarchical 
logistic regression model. Stat Methods Med Res. 2016;25(2):706–15.

59.	 R Core Team. A language and environment for statistical computing Vienna, 
Austria: R Foundation for Statistical Computing. 2021 [Available from: ​h​t​t​p​s​:​/​/​
w​w​w​.​r​-​p​r​o​j​e​c​t​.​o​r​g​/​​​​​​​

60.	 Brooks ME, Kristensen K, van Benthem KJ, Magnusson A, Berg CW, Nielsen 
A, et al. GlmmTMB balances speed and flexibility among packages for Zero-
inflated generalized linear mixed modeling. R J. 2017;9(2):378–400.

61.	 Lüdecke D, Ben-Shachar M, Patil I, Waggoner PDM. Performance: an R pack-
age for assessment, comparison and testing of statistical models. J Open 
Source Softw. 2021. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​1​1​0​​5​/​​j​o​s​s​.​0​3​1​3​9.

62.	 Canty A, Ripley BD. Package ‘boot’ 1.3–30 2024. Available from: ​h​t​t​p​​s​:​/​​/​c​r​a​​n​.​​
r​-​p​​r​o​j​​e​c​t​.​​o​r​​g​/​w​​e​b​/​​p​a​c​k​​a​g​​e​s​/​b​o​o​t​/​b​o​o​t​.​p​d​f

63.	 Knowles JE, Frederick C. Package ‘merTools’ 0.6.2 2024 [Available from: ​h​t​t​p​​s​:​/​​/​
c​r​a​​n​.​​r​-​p​​r​o​j​​e​c​t​.​​o​r​​g​/​w​​e​b​/​​p​a​c​k​​a​g​​e​s​/​​m​e​r​​T​o​o​l​​s​/​​m​e​r​T​o​o​l​s​.​p​d​f

64.	 Cane J, O’Connor D, Michie S. Validation of the theoretical domains frame-
work for use in behaviour change and implementation research. Implement 
Sci. 2012;7(1): 37.

65.	 Damschroder LJ, Reardon CM, Widerquist MAO, Lowery J. The updated con-
solidated framework for implementation research based on user feedback. 
Implement Sci. 2022;17(1): 75.

66.	 Giddens A. The constitution of society: outline of the theory of structuration. 
Cambridge: Polity; 1984.

67.	 Atkins L, Francis J, Islam R, O’Connor D, Patey A, Ivers N, et al. A guide to using 
the theoretical domains framework of behaviour change to investigate 
implementation problems. Implement Sci. 2017;12(1): 77.

68.	 King N. Template analysis. Qualitative methods and analysis in organizational 
research: A practical guide. Thousand Oaks, CA: Sage Publications Ltd; 1998. 
pp. 118–34.

69.	 Gale NK, Heath G, Cameron E, Rashid S, Redwood S. Using the framework 
method for the analysis of qualitative data in multi-disciplinary health 
research. BMC Med Res Methodol. 2013;13(1):117.

70.	 Presseau J, McCleary N, Lorencatto F, Patey AM, Grimshaw JM, Francis JJ. 
Action, actor, context, target, time (AACTT): a framework for specifying 
behaviour. Implement Sci. 2019;14(1): 102.

71.	 Williams NJ, Glisson C, Hemmelgarn A, Green P. Mechanisms of change in the 
ARC organizational strategy: increasing mental health clinicians’ EBP adop-
tion through improved organizational culture and capacity. Adm Policy Ment 
Health. 2017;44(2):269–83.

72.	 Lutfey KE, Campbell SM, Renfrew MR, Marceau LD, Roland M, McKinlay JB. 
How are patient characteristics relevant for physicians’ clinical decision 
making in diabetes? An analysis of qualitative results from a cross-national 
factorial experiment. Soc Sci Med. 2008;67(9):1391–9.

73.	 Green CR, Wheeler JRC, LaPorte F. Clinical decision making in pain manage-
ment: contributions of physician and patient characteristics to variations in 
practice. J Pain. 2003;4(1):29–39.

74.	 Staudenmayer H, Lefkowitz MS. Physician-patient psychosocial characteristics 
influencing medical decision-making. Social Sci Med Part E: Med Psychol. 
1981;15(1):77–81.

75.	 Albarracín D, Fayaz-Farkhad B, Granados Samayoa JA. Determinants of 
behaviour and their efficacy as targets of behavioural change interventions. 
Nat Rev Psychol. 2024. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​s​​4​4​1​5​9​-​0​2​4​-​0​0​3​0​5​-​0.

76.	 Nyström ME, Höög E, Garvare R, Andersson Bäck M, Terris DD, Hansson J. 
Exploring the potential of a multi-level approach to improve capability for 
continuous organizational improvement and learning in a Swedish health-
care region. BMC Health Serv Res. 2018;18(1):376.

77.	 Nilson P, Potthoff S, Birken SA. Conceptualising four categories of behaviours: 
implications for implementation strategies to achieve behaviour change. 
Front Health Serv. 2022;1: 2021.

78.	 Mullins JW, Cummings LL. Situational strength – a framework for understand-
ing the role of individuals in initiating proactive strategic change. J Organ 
Chang Manag. 1999;12(6):462–79.

79.	 Meyer RD, Dalal RS, Hermida R. A review and synthesis of situational strength 
in the organizational sciences. J Manage. 2010;36(1):121–40.

80.	 Evidence-based medicine. A new approach to teaching the practice of 
medicine. JAMA. 1992;268(17):2420–5.

81.	 Orton JD, Weick KE. Loosely coupled systems: A reconceptualization. Acad 
Manage Rev. 1990;15(2):203–23.

82.	 Pawson R, Greenhalgh J, Brennan C, Glidewell E. Do reviews of healthcare 
interventions teach us how to improve healthcare systems? Soc Sci Med. 
2014;114:129–37.

83.	 Jennifer Baumgartner PD. NCCIH Research Blog. Online2024. [cited 2024]. 
Available from: ​h​t​t​p​s​:​​​/​​/​w​w​​w​.​​n​c​c​​i​​h​.​​n​​i​h​​.​g​​​o​v​/​​r​e​s​​e​a​​r​​c​h​​/​b​​l​​o​g​/​​l​e​v​e​​​l​​i​n​​g​​-​u​p​​-​​u​s​​i​n​​
g​-​m​​u​l​t​i​​​l​e​v​​e​l​​-​i​n​​t​e​r​​v​e​​n​​t​i​​​o​n​s​​-​t​o​​-​​a​d​​d​r​​e​s​​s​-​w​h​o​l​​e​-​p​e​r​s​o​n​-​h​e​a​l​t​h

84.	 Chauhan BF, Jeyaraman M, Mann AS, Lys J, Skidmore B, Sibley KM, et al. 
Behavior change interventions and policies influencing primary healthcare 
professionals’ practice—an overview of reviews. Implement Sci. 2017;12(1): 3.

85.	 Weller J, Boyd M, Cumin D. Teams, tribes and patient safety: overcom-
ing barriers to effective teamwork in healthcare. Postgrad Med J. 
2014;90(1061):149–54.

86.	 Oswald D, Sherratt F, Smith SD, editors. Handling the Hawthorne effect: The 
challenges surrounding a participant observer2014.

87.	 Whitaker RG, Sperber N, Baumgartner M, Thiem A, Cragun D, Damschroder L, 
et al. Coincidence analysis: a new method for causal inference in implemen-
tation science. Implement Sci. 2020;15(1): 108.

88.	 Hox J, McNeish D. In: van de Schoot R, Miočević M, editors. Small samples in 
multilevel modeling. London: Routledge; 2020. 215 – 25.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://www.r-project.org/
https://www.r-project.org/
https://doi.org/10.21105/joss.03139
https://cran.r-project.org/web/packages/boot/boot.pdf
https://cran.r-project.org/web/packages/boot/boot.pdf
https://cran.r-project.org/web/packages/merTools/merTools.pdf
https://cran.r-project.org/web/packages/merTools/merTools.pdf
https://doi.org/10.1038/s44159-024-00305-0
https://www.nccih.nih.gov/research/blog/leveling-up-using-multilevel-interventions-to-address-whole-person-health
https://www.nccih.nih.gov/research/blog/leveling-up-using-multilevel-interventions-to-address-whole-person-health

	﻿Applying an implementation science lens to understand physician-level variation in patient length of stay in internal medicine
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study setting
	﻿Quantitative analysis
	﻿Study cohort creation


	﻿Statistical analysis
	﻿Qualitative analyses
	﻿Recruitment
	﻿Data collection
	﻿Data analysis
	﻿Triangulation

	﻿Results
	﻿Objective 1: Understanding the degree of physician-level variation in length of stay
	﻿Objective 2: Identifying discrete physician behaviours related to length of stay through the AACTT framework
	﻿Objective 3: Identifying the drivers of physician-level variation
	﻿Drivers of physician-level variation among hospitals with low physician variability
	﻿Hospital organizational culture (CFIR) and patient needs and resources (CFIR) interacted to inform how physicians perceived their professional role and set their goals (TDF)
	﻿GIM culture (CFIR), structural characteristics (CFIR), and communication networks (CFIR) influenced physician’s beliefs about team member capabilities (TDF)

	﻿Drivers of physician-level variation among hospitals with higher physician variability


