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The transfer of patients between acute care hospitals 
(interhospital transfer [IHT]) occurs regularly among 
patients with a variety of diagnoses, in theory, to gain 
access to unique specialty services and/or a higher 

level of care, among other reasons.1,2 
However, the practice of IHT is variable and nonstandard-

ized,3,4 and existing data largely suggests that transferred pa-
tients experience worse outcomes, including longer length of 
stay, higher hospitalization costs, longer ICU time, and great-
er mortality, even with rigorous adjustment for confounding 
by indication.5,6 Though there are many possible reasons for 
these findings, existing literature suggests that there may be 
aspects of the transfer process itself which contribute to these 
outcomes.2,6,7 

Understanding which aspects of the transfer process con-
tribute to poor patient outcomes is a key first step toward the 
development of targeted quality improvement initiatives to 
improve this process of care. In this study, we aim to examine 
the association between select characteristics of the transfer 
process, including the timing of transfer and workload of the 

admitting physician team, and clinical outcomes among pa-
tients undergoing IHT.

METHODS
Data and Study Population
We performed a retrospective analysis of patients ≥age 18 
years who transferred to Brigham and Women’s Hospital 
(BWH), a 777-bed tertiary care hospital, from another acute 
care hospital between January 2005, and September 2013. 
Dates of inclusion were purposefully chosen prior to BWH 
implementation of a new electronic health records system to 
avoid potential information bias. As at most academic medical 
centers, night coverage at BWH differs by service and includes 
a combination of long-call admitting teams and night float cov-
erage. On weekends, many services are less well staffed, and 
some procedures may only be available if needed emergently. 
Some services have caps on the daily number of admissions or 
total patient census, but none have caps on the number of dis-
charges per day. Patients were excluded from analysis if they 
left BWH against medical advice, were transferred from closely 
affiliated hospitals with shared personnel and electronic health 
records (Brigham and Women’s Faulkner Hospital, Dana Far-
ber Cancer Institute), transferred from inpatient psychiatric or 
inpatient hospice facilities, or transferred to obstetrics or nurs-
ery services. Data were obtained from administrative sources 
and the research patient data repository (RPDR), a centralized 
clinical data repository that gathers data from various hospital 
legacy systems and stores them in one data warehouse.8 Our 
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Though often undertaken to provide patients with 
specialized care, interhospital transfer (IHT) is associated 
with worse outcomes for select patients. Certain 
aspects of the transfer process have been suggested 
as contributors to these outcomes. We performed a 
retrospective cohort study including patients ≥ 18 years 
who underwent IHT to a tertiary care hospital between 
January 2005 and September 2013. We examined the 
association between “weekend” transfer, “nighttime” 
transfer, “time delay” between transfer acceptance and 
arrival, and admission team “busyness” on the day of 
transfer, and patient outcomes, including transfer to 
the intensive care unit (ICU) within 48 hours and 30-day 
mortality. We utilized multivariable logistic regression 
models, adjusting for patient characteristics. Secondary 
analyses examined detailed timing of transfer and 
evaluated 30-day mortality stratified by service of transfer. 
Among the 24,352 patients who underwent IHT, the 

nighttime transfer was associated with increased adjusted 
odds of ICU transfer (odds ratio [OR] 1.54; 95% CI 1.38, 
1.72) and 30-day mortality (OR 1.16; 95% CI 1.01, 1.35). 
Secondary analyses confirmed the association between 
nighttime transfer and ICU transfer throughout the week 
and demonstrated that Sunday (and trend towards 
Friday) night transfers had increased 30-day mortality, 
as compared with Monday daytime transfer. Stratified 
analyses demonstrated a significant association between 
transfer characteristics and adjusted odds of 30-day 
mortality among cardiothoracic and gastrointestinal 
surgical service transfers. Our findings suggest high acuity 
patients have worse outcomes during off-peak times of 
transfer and during times of high care team workload. 
Further study is needed to identify underlying reasons to 
explain these associations and devise potential solutions. 
Journal of Hospital Medicine 2019;14:486-491. Published 
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study was approved by the Partners Institutional Review Board 
(IRB) with a waiver of patient consent.

Transfer Process Characteristics
Predictors included select characteristics of the transfer pro-
cess, including (1) Day of week of transfer, dichotomized into 
Friday through Sunday (“weekend”), versus Monday through 
Thursday (“weekday”);9 Friday was included with “weekend” 
given the suggestion of increased volume of transfers in ad-
vance of the weekend; (2) Time of arrival of the transferred 
patient, categorized into “daytime” (7 am-5 pm), “evening” 
(5 pm -10 pm), and “nighttime” (10 pm -7 am), with daytime as 
the reference group; (3) Admitting team “busyness” on day 
of patient transfer, defined as the total number of additional 
patient admissions and patient discharges performed by the 
admitting team on the calendar day of patient arrival, as has 
been used in prior research,10 and categorized into quartiles 
with lowest quartile as the reference group. Service-specific 
quartiles were calculated and used for stratified analyses (de-
scribed below); and (4) “Time delay” between patient accep-
tance for transfer and patient arrival at BWH, categorized into 
0-12 hours, 12-24 hours, 24-48 hours, and >48 hours, with 12-
24 hours as the reference group (anticipating that time delay 
of 0-12 hours would be reflective of “sicker” patients in need 
of expedited transfer). 

Outcomes
Outcomes included transfer to the intensive care unit (ICU) 
within 48 hours of arrival and 30-day mortality from date of in-
dex admission.5,6

Patient Characteristics
Covariates for adjustment included: patient age, sex, race, 
Elixhauser comorbidity score,11 Diagnosis-Related Group 
(DRG)-weight, insurance status, year of admission, number of 
preadmission medications, and service of admission.

Statistical Analyses
We used descriptive statistics to display baseline character-
istics and performed a series of univariable and multivariable 
logistic regression models to obtain the adjusted odds of each 
transfer process characteristic on each outcome, adjusting 
for all covariates (proc logistic, SAS Statistical Software, Cary, 
North Carolina). For analyses of ICU transfer within 48 hours 
of arrival, all patients initially admitted to the ICU at time of 
transfer were excluded. 

In the secondary analyses, we used a combined day-of-week 
and time-of-day variable (ie, Monday day, Monday evening, 
Monday night, Tuesday day, and so on, with Monday day as 
the reference group) to obtain a more detailed evaluation of 
timing of transfer on patient outcomes. We also performed 
stratified analyses to evaluate each transfer process character-
istic on adjusted odds of 30-day mortality stratified by service 
of admission (ie, at the time of transfer to BWH), adjusting for 
all covariates. For all analyses, two-sided P values < .05 were 
considered significant.

TABLE 1. Baseline Characteristics of Transferred Patients

Characteristic
Transferred Patients 

(N = 24,352)

Patient Characteristics

Age in years, mean (SD)a 62.2 (16.3)

Male sex, n (%) 13,647 (56.0)

Race, n (%)
   White
   Black
   Hispanic
   Other

20,466 (84.0)
759 (3.1)
255 (1.0)

2,872 (11.8)

Insurance, n (%)
   Medicare
   Medicaid
   Private
   Other

13,231 (54.3)
1,532 (6.3)
8,958 (36.8)

631 (2.6)

Admit year, n (%)
   2005
   2006
   2007
   2008
   2009
   2010
   2011
   2012
   2013

2,715 (11.2)
2,768 (11.4)
2,817 (11.6)
2,777 (11.4)
2,849 (11.7)
2,805 (11.5)
2,789 (11.5)
2,730 (11.2)
2,102 (8.6)

Admission service, n (%)
   Cardiology
   CT Surgery
   Medicineb

   Oncology/BMT
   Neurology
   ICUc

   Orthopedic/Burn/Trauma
   GI Surgery
   Neurosurgery
   Otherd

9,190 (37.7)
3,156 (13.0)
2,466 (10.1)
2,183 (9.0)
1,456 (6.0)
1,442 (5.9)
1,235 (5.1)
1,066 (4.4)
768 (3.2)
912 (3.7)

Elixhauser comorbidity score, mean (SD)a 7.2 (7.8)

DRG-weight, mean (SD)a 2.8 (2.9)

Number of preadmission medications quartile, n (%)
   0-1
   2-6
   7-10
   ≥11
   Missing patient data

5,225 (21.5)
5,777 (23.7)
4,549 (18.7)
4,677 (19.2)
4,124 (16.9)

Transfer Process Characteristics

Weekday transfer (Monday-Thursday), n (%) 14,612 (60.0)

Time of day of transfer, n (%)
   Daytime (7 am - 5 pm)
   Evening (5 pm - 10 pm)
   Nighttime (10 pm - 7 am)

7,917 (32.5)
12,597 (51.7)
3,838 (15.8)

Admission team busynesse on day of patient transfer-quartiles, n (%)
   0-4
   5-7
   8-10
   ≥10

5,393 (22.2)
7,382 (30.3)
6,012 (24.7)
5,565 (22.8)

Time delay between transfer acceptance and patient arrival (hours), n (%)
   0-12 hours
   >12-24 hours
   >24-48 hours
   >48 hours

17,896 (74.3)
1,766 (7.3)
3,080 (12.8)
1,336 (5.5)

aCategorized into quartiles for multivariable regression analyses 
bMedicine service includes: General medicine, gastroenterology, renal, endocrine, hyperten-
sion, infectious disease, and rheumatology services. 
cICU patients were excluded in all regression analyses examining odds of ICU transfer within 
48 hours of admission 
dOther service includes: otolaryngology, urology, plastic surgery, gynecology, dental, and 
other services 
eBusyness defined as total number of other patient admissions and discharges by admission 
team on day of patient transfer
Abbreviations: BMT, bone marrow transplant; CT, cardiothoracic; DRG, diagnosis-related 
group; GI, gastrointestinal; ICU, intensive care unit; SD, standard deviation.
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RESULTS
Overall, 24,352 patients met our inclusion criteria and under-
went IHT, of whom 2,174 (8.9%) died within 30 days. Of the 
22,910 transferred patients originally admitted to a non-ICU 
service, 5,464 (23.8%) underwent ICU transfer within 48 hours 
of arrival. Cohort characteristics are shown in Table 1.

Multivariable regression analyses demonstrated no signifi-
cant association between weekend (versus weekday) transfer 
or increased time delay between patient acceptance and ar-
rival (>48 hours) and adjusted odds of ICU transfer within 48 
hours or 30-day mortality. However, they did demonstrate 
that nighttime (versus daytime) transfer was associated with 
greater adjusted odds of both ICU transfer and 30-day mor-
tality. Increased admitting team busyness was associated with 
lower adjusted odds of ICU transfer but was not significantly 
associated with adjusted odds of 30-day mortality (Table 2). As 
expected, decreased time delay between patient acceptance 
and arrival (0-12 hours) was associated with increased adjust-
ed odds of both ICU transfer (adjusted OR 2.68; 95% CI 2.29, 
3.15) and 30-day mortality (adjusted OR 1.25; 95% CI 1.03, 1.53) 
compared with 12-24 hours (results not shown). Time delay >48 
hours was not associated with either outcome. 

Regression analyses with the combined day/time variable 

demonstrated that compared with Monday daytime transfer, 
Sunday night transfer was significantly associated with in-
creased adjusted odds of 30-day mortality, and Friday night 
transfer was associated with a trend toward increased 30-day 
mortality (adjusted OR [aOR] 1.88; 95% CI 1.25, 2.82, and aOR 
1.43; 95% CI 0.99, 2.06, respectively). We also found that all 
nighttime transfers (ie, Monday through Sunday night) were 
associated with increased adjusted odds of ICU transfer within 
48 hours (as compared with Monday daytime transfer). Other 
days/time analyses were not significant.

Univariable and multivariable analyses stratified by service 
were performed (Appendix). Multivariable stratified analyses 
demonstrated that weekend transfer, nighttime transfer, and 
increased admitting team busyness were associated with in-
creased adjusted odds of 30-day mortality among cardiotho-
racic (CT) and gastrointestinal (GI) surgical service patients. 
Increased admitting team busyness was also associated with 
increased mortality among ICU service patients but was as-
sociated with decreased mortality among cardiology service 
patients. An increased time delay between patient acceptance 
and arrival was associated with decreased mortality among CT 
and GI surgical service patients (Figure; Appendix). Other ad-
justed stratified outcomes were not significant. 

TABLE 2. Association of Transfer Process Characteristics and Adjusted Odds of ICU Transfer and 30-Day Mortality

Transfer Process Characteristic ICU Transfer within 48 hours, n (%)a Unadjusted OR (95% CI)b Adjusted OR (95% CI)

Day of Week of Arrival
   Weekend, n = 9,088
   Weekday, n = 13,774

2,020 (22%)
3,598 (26%)

0.83 (0.77, 0.88)
Ref

0.93 (0.87,1.01)
Ref

Time of Day of Arrival
   Nighttime, n = 3,449
   Daytime, n = 7,521

1,233 (36%)
1,813 (24%)

1.57 (1.43, 1.72)
Ref

1.54 (1.38, 1.72)
Ref

Admitting team busyness 
   >10, n = 5,180 
   0-4, n = 7,399

854 (16%)
2,448 (33%)

0.40 (0.37, 0.44)
Ref

0.53 (0.48, 0.59)
Ref

Time Delay between Acceptance/Arrival
   >48 hours
   12-24 hours

172 (13.2%)
239 (14%)

1.00 (0.81, 1.24)
Ref

0.86 (0.67, 1.08)
Ref

Transfer Process Characteristic 30-Day Mortality, n (%) Unadjusted OR (95% CI) Adjusted OR (95% CI)a

Day of Week of Arrival
   Weekend, n = 9,726 
   Weekday, n = 14,588 

953 (9.8%)
1,262 (8.7%)

1.14 (1.05,1.25)
Ref

1.06 (0.96,1.18)
Ref

Time of Day of Arrival
   Nighttime, n = 3,828
   Daytime, n = 7,894

449 (12%)
565 (7.2%)

1.67 (1.46,1.90)
Ref

1.16 (1.01, 1.35)
Ref

Admitting team busyness 
   >10, n = 5,414
   0-4, n = 7,966

389 (7.2%)
749 (9.4%)

0.77 (0.67,0.87)
Ref

0.89 (0.77, 1.02)
Ref

Time Delay between Acceptance/Arrival
   >48 hours   
   12-24 hours

108 (8.1%)
135 (7.6%)

0.97 (0.74, 1.26)
Ref

0.88 (0.66,1.17)
Ref

aExcluded ICU service patients 
bAdjusted for all patient characteristics (Table), and all other transfer process characteristics 
Abbreviations: CI, confidence interval; ICU, intensive care unit; OR, odds ratio; Ref, referent. 
Definitions: Weekday, Monday through Thursday; Weekend, Friday through Sunday; Nighttime, 10 pm - 7 am, Daytime = 7 am - 5 pm; Admitting team busyness, Number of additional patient 
admissions + discharges performed by admitting team on day of patient arrival.
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DISCUSSION
In this study of 24,352 patients undergoing IHT, we found no 
significant association between weekend transfer or increased 
time delay between transfer acceptance and arrival and pa-
tient outcomes in the cohort as a whole; but we found that 
nighttime transfer is associated with increased adjusted odds 
of both ICU transfer within 48 hours and 30-day mortality. Our 
analyses combining day-of-week and time-of-day demon-
strate that Sunday night transfer is particularly associated with 
increased adjusted odds of 30-day mortality (as compared with 
Monday daytime transfer), and show a trend toward increased 
mortality with Friday night transfers. These detailed analyses 
otherwise reinforce that nighttime transfer across all nights of 
the week is associated with increased adjusted odds of ICU 
transfer within 48 hours. We also found that increased admit-
ting team busyness on the day of patient transfer is associated 
with decreased odds of ICU transfer, though this may solely 
be reflective of higher turnover services (ie, cardiology) caring 
for lower acuity patients, as suggested by secondary analyses 
stratified by service. In addition, secondary analyses demon-

strated differential associations between weekend transfers, 
nighttime transfers, and increased team busyness on the odds 
of 30-day mortality based on service of transfer. These analyses 
showed that patients transferred to higher acuity services re-
quiring procedural care, including CT surgery, GI surgery, and 
Medical ICU, do worse under all three circumstances as com-
pared with patients transferred to other services. Secondary 
analyses also demonstrated that increased time delay between 
patient acceptance and arrival is inversely associated with 30-
day mortality among CT and GI surgery service patients, likely 
reflecting lower acuity patients (ie, less sick patients are less 
rapidly transferred).

There are several possible explanations for these findings. 
Patients transferred to surgical services at night may reflect a 
more urgent need for surgery and include a sicker cohort of 
patients, possibly explaining these findings. Alternatively, or 
in addition, both weekend and nighttime hospital admission 
expose patients to similar potential risks, ie, limited resources 
available during off-peak hours. Our findings could, therefore, 
reflect the possibility that patients transferred to higher acui-

FIG. Association of Transfer Process Characteristic with Adjusted Odds of 30-day Mortality Stratified by Service.

*Too few outcomes to perform stratified analyses for association of increased time delay and adjusted odds of 30-day mortality among neurosurgical service transfers 
Service-specific quartiles were calculated and used for Hospital Team busyness analysis (Appendix)

Abbreviations: CT, Cardiothoracic; GI, Gastrointestinal; ICU, Intensive Care Unit; Ortho, Orthopedics
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ty services in need of procedural care are most vulnerable to 
off-peak timing of transfer. Similar data looking at patients ad-
mitted through the emergency room (ER) find the strongest 
effect of off-peak admissions on patients in need of proce-
dures, including GI hemorrhage,12 atrial fibrillation13 and acute 
myocardial infarction (AMI),14 arguably because of the limited 
availability of necessary interventions. Patients undergoing IHT 
are a sicker cohort of patients than those admitted through 
the ER, and, therefore, may be even more vulnerable to these 
issues.3,5 This is supported by our findings that Sunday night 
transfers (and trend toward Friday night transfers) are associ-
ated with greater mortality compared with Monday daytime 
transfers, when at-the-ready resources and/or specialty per-
sonnel may be less available (Sunday night), and delays until 
receipt of necessary procedures may be longer (Friday night). 
Though we did not observe similar results among cardiology 
service transfers, as may be expected based on existing liter-
ature,13,14 this subset of patients includes more heterogeneous 
diagnoses, (ie, not solely those that require acute intervention) 
and exhibited a low level of acuity (low Elixhauser score and 
DRG-weight, data not shown).

We also found that increased admitting team busyness on 
the day of patient transfer is associated with increased odds 
of 30-day mortality among CT surgery, GI surgery, and ICU ser-
vice transfers. As above, there are several possible explana-
tions for this finding. It is possible that among these services, 
only the sickest/neediest patients are accepted for transfer 
when teams are busiest, explaining our findings. Though this 
explanation is possible, the measure of team “busyness” in-
cludes patient discharge, thereby increasing, not decreasing, 
availability for incoming patients, making this explanation less 
likely. Alternatively, it is possible that this finding is reflective of 
reverse causation, ie, that teams have less ability to discharge/
admit new patients when caring for particularly sick/unstable 
patient transfers, though this assumes that transferred patients 
arrive earlier in the day, (eg, in time to influence discharge de-
cisions), which infrequently occurs (Table 1). Lastly, it is possi-
ble that this subset of patients will be more vulnerable to the 
workload of the team that is caring for them at the time of their 
arrival. With high patient turnover (admissions/discharges), the 
time allocated to each patient’s care may be diminished (ie, 
“work compression,” trying to do the same amount of work 
in less time), and may result in decreased time to care for the 
transferred patient. This has been shown to influence patient 
outcomes at the time of patient discharge.10 

In trying to understand why we observed an inverse rela-
tionship between admitting team busyness and odds of ICU 
transfer within 48 hours, we believe this finding is largely driv-
en by cardiology service transfers, which comprise the highest 
volume of transferred patients in our cohort (Table 1), and are 
low acuity patients. Within this population of patients, admit-
ting team busyness is likely a surrogate variable for high turn-
over/low acuity. This idea is supported by our findings that ad-
mitting team busyness is associated with decreased adjusted 
odds of 30-day mortality in this group (and only in this group). 

Similarly, our observed inverse relationship between in-

creased time delay and 30-day mortality among CT and GI 
surgical service patients is also likely reflective of lower acu-
ity patients. We anticipated that decreased time delay (0-12 
hours) would be reflective of greater patient acuity (supported 
by our findings that decreased time delay is associated with 
increased odds of ICU transfer and 30-day mortality). However, 
our findings also suggest that increased time delay (>48 hours) 
is similarly representative of lower patient acuity and therefore 
an imperfect measure of discontinuity and/or harmful delays in 
care during IHT (see limitations below).

Our study is subject to several limitations. This is a single 
site study; given known variation in transfer practices be-
tween hospitals,3 it is possible that our findings are not gen-
eralizable. However, given similar existing data on patients 
admitted through the ER, it is likely our findings may be re-
flective of IHT to similar tertiary referral hospitals. Second, al-
though we adjusted for patient characteristics, there remains 
the possibility of unmeasured confounding and other bias 
that account for our results, as discussed. Third, although the 
definition of “busyness” used in this study was chosen based 
on prior data demonstrating an effect on patient outcomes,10 
we did not include other measures of busyness that may in-
fluence outcomes of transferred patients such as overall team 
census or hospital busyness. However, the workload associat-
ed with a high volume of patient admissions and discharges 
is arguably a greater reflection of “work compression” for the 
admitting team compared with overall team census, which 
may reflect a more static workload with less impact on the 
care of a newly transferred patient. Also, although hospital 
census may influence the ability to transfer (ie, lower volume 
of transferred patients during times of high hospital census), 
this likely has less of an impact on the direct care of trans-
ferred patients than the admitting team’s workload. It is more 
likely that it would serve as a confounder (eg, sicker patients 
are accepted for transfer despite high hospital census, while 
lower risk patients are not). 

Nevertheless, future studies should further evaluate the as-
sociation with other measures of busyness/workload and out-
comes of transferred patients. Lastly, though we anticipated 
time delay between transfer acceptance and arrival would be 
correlated with patient acuity, we hypothesized that longer 
delay might affect patient continuity and communication and 
impact patient outcomes. However, our results demonstrate 
that our measurement of this variable was unsuccessful in un-
raveling patient acuity from our intended evaluation of these 
vulnerable aspects of IHT. It is likely that a more detailed eval-
uation is required to explore potential challenges more fully 
that may occur with greater time delays (eg, suboptimal com-
munication regarding changes in clinical status during this 
time period, delays in treatment). Similarly, though our study 
evaluates the association between nighttime and weekend 
transfer (and the interaction between these) with patient out-
comes, we did not evaluate other intermediate outcomes 
that may be more affected by the timing of transfer, such as 
diagnostic errors or delays in procedural care, which warrant 
further investigation. We do not directly examine the underly-
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ing reasons that explain our observed associations, and thus 
more research is needed to identify these as well as design 
and evaluate solutions.

Collectively, our findings suggest that high acuity patients in 
need of procedural care experience worse outcomes during 
off-peak times of transfer, and during times of high care-team 
workload. Though further research is needed to identify under-
lying reasons to explain our findings, both the timing of patient 
transfer (when modifiable) and workload of the team caring for 
the patient on arrival may serve as potential targets for inter-
ventions to improve the quality and safety of IHT for patients 
at greatest risk.

Disclosures: Dr. Mueller and Dr. Schnipper have nothing to disclose. Ms. Fiskio 
has nothing to disclose. Dr. Schnipper is the recipient of grant funding from 
Mallinckrodt Pharmaceuticals to conduct an investigator-initiated study of 
predictors and impact of opioid-related adverse drug events.
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