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BACKGROUND: Patient-physician continuity is difficult to
achieve in hospital settings because of the need to provide
care continuously. The impact of hospital physician discon-
tinuity on patient safety is unknown.

OBJECTIVE: To determine the association between hospital
physician continuity and the incidence of adverse events
(AEs).

DESIGN: Retrospective observational study using multivari-
able models to adjust for patient characteristics.

PARTICIPANTS: Patients admitted to a nonteaching hospi-
talist service in a large academic hospital between March 1,
2009 and December 31, 2011.

MAIN MEASURE(S): Two measures of continuity were
used. The Number of Physicians Index (NPI) was the total
number of unique hospitalists caring for a patient. The Usual
Provider of Care (UPC) Index was the proportion of encoun-
ters with the most frequently encountered hospitalist. Out-
come measures were AEs detected by automated queries

of information systems and confirmed by 2 physician
researchers.

KEY RESULTS: Our analysis included data from 474 hospi-
talizations. In unadjusted models, each 1-unit increase in
the NPI (ie, less continuity) was significantly associated
with the incidence of 1 or more AEs (odds ratio = 1.75;
P <0.001). However, UPC was not associated with inci-
dence of AEs. Across all adjusted models, neither NPI nor
UPC was significantly associated with the incidence of AEs.
The direction of the effect of discontinuity on AEs was also
inconsistent across models.

CONCLUSIONS: Hospitalist physician continuity does not
appear to be associated with the incidence of AEs. Because
hospital care is provided by teams of clinicians, future
research should evaluate the impact of team complexity
and dynamics on patient outcomes. Journal of Hospital
Medicine 2015;10:147-151. © 2014 Society of Hospital
Medicine

Although definitions vary, continuity of care can be
thought of as the patient’s experience of a
“continuous caring relationship” with an identified
healthcare professional." Research in ambulatory set-
tings has found that patients who see their primary
care physician for a higher proportion of office visits
have higher patient satisfaction, better hypertensive
control, lower risk of hospitalization, and fewer emer-
gency department visits.”™ Continuity with a single
hospital-based physician is difficult to achieve because
of the need to provide care 24 hours a day, 7 days a
week. Key clinical information may be lost during
physician-to-physician handoffs (eg, at admission, at
the end of rotations on service) during hospitalization.
Our research group recently found that lower hospital
physician continuity was associated with modestly
increased hospital costs, but also a trend toward lower
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readmissions.® We speculated that physicians newly
taking over patient care from colleagues reassess diag-
noses and treatment plans. This reassessment may
identify errors missed by the previous hospital physi-
cian. Thus, discontinuity may theoretically help or
hinder the provision of safe hospital care.

We sought to examine the relationship between
hospital physician continuity and the incidence of
adverse events (AEs). We combined data from 2 previ-
ously published studies by our research group; one
investigated the relationship between hospital physi-
cian continuity and costs and 30-day readmissions,
the other assessed the impact of unit-based interven-
tions on AEs.®’

METHODS

Setting and Study Design

This retrospective, observational study was conducted
at Northwestern Memorial Hospital, an 876-bed terti-
ary care teaching hospital in Chicago, Illinois, and
was approved by the institutional review board of
Northwestern University. Subjects included patients
admitted to an adult nonteaching hospitalist service
between March 1, 2009 and December 31, 2011.
Hospitalists on this service worked without resident
physicians in rotations usually lasting 7 consecutive
days beginning on Mondays and ending on Sundays.
Hospitalists were allowed to switch portions of their
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schedule with one another, creating the possibility
that certain rotations may have been slightly shorter
or longer than 7 days. Hospitalists gave verbal sign-
out via telephone to the hospitalist taking over their
service on the afternoon of the last day of their rota-
tion. These handoffs customarily involved both hospi-
talists viewing the electronic health record during the
discussion but were not standardized. Night hospital-
ists performed admissions and cross-coverage each
night from 7 pm to 7 am. Night hospitalists printed
history and physicals for day hospitalists, but typically
did not give verbal sign-out on new admissions.

Acquisition of Study Population Data

We identified all patients admitted to the nonteaching
hospitalist service using the Northwestern Medicine
Enterprise Data Warehouse (EDW), an integrated
repository of all clinical and research data sources on
the campus. We excluded patients admitted under
observation status, those initially admitted to other
services (eg, intensive care, general surgery), those dis-
charged from other services, and those cared for by
advanced practice providers (ie, nurse practitioners
and physician assistants).

Predictor Variables

We identified physicians completing the primary serv-
ice history and physicals (H&P) and progress notes
throughout patients’ hospitalizations to calculate 2
measures of continuity: the Number of Physicians
Index (NPI), and the Usual Provider of Continuity
(UPC) Index.®” The NPI represented the total number
of unique hospitalists completing H&Ps and/or pro-
gress notes for a patient. The UPC was calculated as
the largest number of notes signed by a single hospi-
talist divided by the total number of hospitalist notes
for a patient. For example, if Dr. John Smith wrote
notes on the first 4 days of a patient’s hospital stay,
and Dr. Mary Jones wrote notes on the following 2
days (total stay = 6 days), the NPI would be 2 and the
UPC would be 0.67. Therefore, higher NPI and lower
UPC designate lower continuity. Significant events
occurring during the nighttime were documented in
separate notes titled cross-cover notes. These cross-
cover notes were not included in the calculation of
NPI or UPC. In the rare event that 2 or more progress
notes were written on the same day, we selected the
one used for billing to calculate UPC and NPI.

Outcome Variables

We used AE data from a study we conducted to assess
the impact of unit-based interventions to improve
teamwork and patient safety, the methods of which
have been previously described.” Briefly, we used a 2-
stage medical record review similar to that performed
in prior studies.'®' In the first stage, we identified
potential AEs using automated queries of the North-
western Medicine EDW. These queries were based on

screening criteria used in the Harvard Medical Prac-
tice Study and the Institute for Healthcare Improve-
ment (IHI) Global Trigger Tool.'>'* Examples of
queries included abnormal laboratory values (eg,
international normalized ratio [INR] >6 after hospital
day 2 and excluding patients with INR >4 on day 1),
administration of rescue medications (eg, naloxone),
certain types of incident reports (eg, pressure ulcer),
International Classification of Diseases, Ninth Revi-
sion (ICD-9) codes indicating hospital-acquired condi-
tions (eg, venous thromboembolism), and text
searches of progress notes and discharge summaries
using natural language processing.'* Prior research by
our group confirmed these automated screens identify
a similar number of AEs as manual medical record
screening.'® For each patient with 1 or more potential
AE, a research nurse performed a medical record
abstraction and created a description of each potential
AE.

In the second stage, 2 physician researchers inde-
pendently reviewed each potential AE in a blinded
fashion to determine whether or not an AE was pres-
ent. An AE was defined as injury due to medical man-
agement rather than the natural history of the
illness,"® and included injuries that prolonged the hos-
pital stay or produced disability as well as those
resulting in transient disability or abnormal lab val-
ues.'® After independent review, physician reviewers
discussed discrepancies in their ratings to achieve
consensus.

We tested the reliability of medical record abstrac-
tions in our prior study by conducting duplicate
abstractions and consensus ratings for a randomly
selected sample of 294 patients.” The inter-rater reli-

ability was good for determining the presence of AEs
(k=0.63).

Statistical Analyses

We calculated descriptive statistics for patient charac-
teristics. Primary discharge diagnosis ICD-9 codes
were categorized using the Healthcare Cost and Utili-
zation Project Clinical Classification Software.!” We
created multivariable logistic regression models with
the independent variable being the measure of conti-
nuity (NPI or UPC) and the dependent variable being
experiencing 1 or more AEs. Covariates included
patient age, sex, race, payer, night admission, week-
end admission, intensive care unit stay, Medicare
Severity Diagnosis Related Group (MS-DRG) weight,
and total number of Elixhauser comorbidities.'® The
length of stay (LOS) was also included as a covariate,
as longer LOS increases the probability of discontinu-
ity and may increase the risk for AEs. Because MS-
DRG weight and LOS were highly correlated, we cre-
ated several models; the first including both as contin-
uous variables, the second including both categorized
into quartiles, and a third excluding MS-DRG weight
and including LOS as a continuous variable. Our
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TABLE 1. Patient and Hospitalization
Characteristics (N = 474)

Characteristic Value
Mean age (SD), y 55.1(18.8)
Mean length of stay (SD), d 34(31)
Women, n (%) 241 (50.8)
Nonwhite race, n (%) 233(49.2)
Payer, n (%)
Private 180 (38)
Medicare 165 (34.9)
Medicaid 47099
Self-pay/other 82(17.3)
Night admission, n (%) 245 (51.7)
Weekend admission, n (%) 135(28.9)
Intensive care unit stay, n (%) 18(3.8)
Diagnosis, n (%)
Diseases of the circulatory system 95(20.0)
Diseases of the digestive system 65(13.7)
Diseases of the respiratory system 49(10.3)
Injury and poisoning 418.7)
Diseases of the skin and soft tissue 31(6)
Symptoms, signs, and ill-defined conditions and factors influencing health status 28(5.9)
Endocrine, nutritional, and metabolic diseases and immunity disorders 25(5.3)
Diseases of the genitourinary system 24(5.)
Diseases of the musculoskeletal system and connective tissue 23(4.9)
Diseases of the nervous system 23(4.9)
Other 70 (14.8)
Mean no. of Elixhauser comorbidities (SD) 23(1.7)
Mean MS-DRG weight (SD) 1.0(1.0)
Mean NPI (SD) 25(1.0)
Mean UPC (SD) 06(02)

NOTE: Abbreviations: MS-DRG, Medicare severity diagnosis-related group; NPI, Number of Physicians
Index; SD, standard deviation; UPC, Usual Provider of Care Index.

prior study assessing the impact of unit-based inter-
ventions did not show a statistically significant differ-
ence in the pre- versus postintervention period, thus
we did not include study period as a covariate.

RESULTS

Patient Characteristics

Our analyses included data from 474 hospitalizations.
Patient characteristics are shown in Table 1. Patients
were a mean 51.1 + 18.8 years of age, hospitalized for
a mean 3.4 * 3.1 days, included 241 (50.8%) women,
and 233 (49.2%) persons of nonwhite race. The
mean and standard deviation of NPI and UPC were
2.5+1.0 and 0.6 =0.2. Overall, 47 patients (9.9%)
experienced 55 total AEs. AEs included 31 adverse
drug events, 6 falls, 5 procedural injuries, 4 manifesta-
tions of poor glycemic control, 3 hospital-acquired
infections, 2 episodes of acute renal failure, 1 episode
of delirium, 1 pressure ulcer, and 2 categorized as
other.

Association Between Continuity

and Adverse Events

In unadjusted models, each 1-unit increase in the NPI
(ie, less continuity) was significantly associated with
the incidence of 1 or more AEs (odds ratio

Effect of Hospitalist Discontinuity on AE | O’Leary et al

TABLE 2. Effect of Decreased Continuity on Adverse
Events

NPI OR P UPC OR P
(95% Cl)* Value (95% CI)*  Value

1.75(1.33-229) <0.0001 1.03(0.89-1.21) 0.68

Unadjusted model

Adjusted models

Model 1 MS-DRG and LOS continuous 1.16 (0.78-1.72)  0.47 096 (0.79-1.14) 0.60

Model 2 MS-DRG and LOS in quartiles 1.38(0.98-1.94)  0.07  1.05(0.88-1.26) 0.59

Model 3 MS-DRG dropped, 114(0.77-1.70) 051  0.95(0.79-1.14) 0.56
LOS continuous

NOTE: Abbreviations: Cl, confidence interval; LOS, length of stay; MS-DRG, Medicare severity diagnosis-
related group; NPI, Number of Physicians Index; OR, odds ratio; UPC, Usual Provider Of Continuity Index.
NPl is the total number of unique hospitalist physicians. UPC is the largest number of encounters by a sin-
gle hospitalist physician divided by the total number of hospitalist physician encounters for a patient. The
OR for UPC reflects a 10% decrease.

[OR] =1.75; P<0.001). However, UPC was not asso-
ciated with incidence of AEs (OR =1.03; P=0.68)
(Table 2). Across all adjusted models, neither NPI nor
UPC was significantly associated with the incidence of
AFEs. The direction of the effect of discontinuity on
AEs was inconsistent across models. Though all 3
adjusted models using NPI as the independent variable
showed a trend toward increased odds of experiencing
1 or more AE with discontinuity, 2 of the 3 models
using UPC showed trends in the opposite direction.

DISCUSSION

We found that hospitalist physician continuity was
not associated with the incidence of AEs. Our findings
are somewhat surprising because of the high value
placed on continuity of care and patient safety con-
cerns related to handoffs. Key clinical information
may be lost when patient care is transitioned to a new
hospitalist shortly after admission (eg, from a night
hospitalist) or at the end of a rotation. Thus, it is logi-
cal to assume that discontinuity inherently increases
the risk for harm. On the other hand, a physician
newly taking over patient care from another may not
be anchored to the initial diagnosis and treatment
plan established by the first. This “second look” could
potentially prevent missed/delayed diagnoses and opti-
mize the plan of care.'” These countervailing forces
may explain our findings.

Several other potential explanations for our findings
should be considered. First, the quality of handoffs
may have been sufficient to overcome the potential for
information loss. We feel this is unlikely given that lit-
tle attention had been dedicated to improving the
quality of patient handoffs among hospitalists in our
institution. Notably, though a number of studies have
evaluated resident physician handoffs, most of the
work has focused on night coverage, and little is
known about the quality of attending handoffs.*® Sec-
ond, access to a fully integrated electronic health
record may have assisted hospitalists in comple-
menting information received during handoffs. For
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example, a hospitalist about to start his or her rota-
tion may have remotely accessed and reviewed patient
medical records prior to receiving the phone handoff
from the outgoing hospitalist. Third, other efforts to
improve patient safety may have reduced the overall
risk and provided some resilience in the system. Unit-
based interventions, including structured interdiscipli-
nary rounds and nurse-physician coleadership,
improved teamwork climate and reduced AEs in the
study hospital over time.”

Another factor to consider relates to the fact that
hospital care is provided by teams of clinicians (eg,
nurses, specialist physicians, therapists, social work-
ers). Hospital teams are often large and have dynamic
team membership. Similar to hospitalists, nurses, phy-
sician specialists, and other team members handoff
care throughout the course of a patient’s hospital stay.
Yet, discontinuity for each professional type may
occur at different times and frequencies. For example,
a patient may be handed off from one hospitalist to
another, yet the care continues with the same cardiol-
ogist or nurse. Future research should better charac-
terize hospital team complexity (eg, size, relationships
among members) and dynamics (eg, continuity for
various professional types) and the impact of these
factors on patient outcomes.

Our findings are important because hospitalist phy-
sician discontinuity is common during hospital stays.
Hospital medicine groups vary in their staffing and
scheduling models. Policies related to admission distri-
bution and rotation length (consecutive days worked)
systematically impact physician continuity. Few stud-
ies have evaluated the effect on continuity on hospital-
ized patient outcomes, and no prior research, to our
knowledge, has explored the association of continuity
on measures of patient safety.>*"*> Though our study
might suggest that staffing models have little impact
on patient safety, as previously mentioned, other team
factors may influence patient outcomes.

Our study has several limitations. First, we assessed
the impact of continuity on AEs in a single site.
Although the 7 days on/7 days off model is the most
common scheduling pattern used by adult hospital
medicine groups,”’ staffing models and patient safety
practices vary across hospitals, potentially limiting the
generalizability of our study. Second, continuity can
be defined and measured in a variety of ways. We
used 2 different measures of physician continuity. As
previously mentioned, assessing continuity of other
clinicians may allow for a more complete understand-
ing of the potential problems related to fragmentation
of care. Third, this study excluded patients who expe-
rienced care transitions from other hospitals or other
units within the hospital. Patients transferred from
other hospitals are often complex, severely ill, and
may be at higher risk for loss of key clinical informa-
tion. Fourth, we used automated screens of an EDW
to identify potential AEs. Although our prior research

found that this method identified a similar number of
AEs as manual medical record review screening, there
was poor agreement between the 2 methods. Unfortu-
nately, there is no gold standard to identify AEs. The
EDW-facilitated method allowed us to feasibly screen
a larger number of charts, increasing statistical power,
and minimized any potential bias that might occur
during a manual review to identify potential AEs.
Finally, we used data available from 2 prior studies
and may have been underpowered to detect a signifi-
cant association between continuity and AEs due to
the relatively low percentage of patients experiencing
an AE. In a post hoc power calculation, we estimated
that we had 70% power to detect a 33% change in
the proportion of patients with 1 or more AE for each
1-unit increase in NPI, and 80% power to detect a
20% change for each 0.1-unit decrease in UPC.

CONCLUSION

In conclusion, we found that hospitalist physician con-
tinuity was not associated with the incidence of AEs.
We speculate that hospitalist continuity is only 1 of
many team factors that may influence patient safety,
and that prior efforts within our institution may have
reduced our ability to detect an association. Future
research should better characterize hospital team com-
plexity and dynamics and the impact of these factors
on patient outcomes.
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