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Predicting 30-Day Pneumonia Readmissions
Using Electronic Health Record Data

Anil N. Makam, MD, MAS'? and Oanh Kieu Nguyen, MD, MAS'2, Christopher Clark, MPA3, Song Zhang, PhD?, Bin Xie, PhD?,
Mark Weinreich, MD', Eric M. Mortensen, MD, MSc'2%, Ethan A. Halm, MD, MPH?" 2

"Department of Internal Medicine, University of Texas Southwestern Medical Center, Dallas, Texas; ?Department of Clinical Sciences, University
of Texas Southwestern Medical Center, Dallas, Texas,; °Office of Research Administration, Parkland Health and Hospital System, Dallas, Texas;
“Parkland Center for Clinical Innovation, Dallas, Texas; °VA North Texas Health Care System, Dallas, Texas.

BACKGROUND: Readmissions after hospitalization for pneu-
monia are common, but the few risk-prediction models have
poor to modest predictive ability. Data routinely collected in
the electronic health record (EHR) may improve prediction.

OBJECTIVE: To develop pneumonia-specific readmission
risk-prediction models using EHR data from the first day and
from the entire hospital stay (“full stay”).

DESIGN: Observational cohort study using stepwise-back-
ward selection and cross-validation.

SUBJECTS: Consecutive pneumonia hospitalizations from 6
diverse hospitals in north Texas from 2009-2010.

MEASURES: All-cause nonelective 30-day readmissions,
ascertained from 75 regional hospitals.

RESULTS: Of 1463 patients, 13.6% were readmitted. The
first-day pneumonia-specific model included sociodemo-
graphic factors, prior hospitalizations, thrombocytosis, and
a modified pneumonia severity index; the full-stay model
included disposition status, vital sign instabilities on dis-

charge, and an updated pneumonia severity index calculated
using values from the day of discharge as additional predic-
tors. The full-stay pneumonia-specific model outperformed
the first-day model (C statistic 0.731 vs 0.695; P = 0.02;
net reclassification index = 0.08). Compared to a validated
multi-condition readmission model, the Centers for Medicare
and Medicaid Services pneumonia model, and 2 commonly
used pneumonia severity of iliness scores, the full-stay pneu-
monia-specific model had better discrimination (C statistic
range 0.604-0.681; P < 0.01 for all comparisons), predicted
a broader range of risk, and better reclassified individuals by
their true risk (net reclassification index range, 0.09-0.18).

CONCLUSIONS: EHR data collected from the entire hos-
pitalization can accurately predict readmission risk among
patients hospitalized for pneumonia. This approach outper-
forms a first-day pneumonia-specific model, the Centers for
Medicare and Medicaid Services pneumonia model, and 2
commonly used pneumonia severity of illness scores. Jour-
nal of Hospital Medicine 2017;12:209-216. © 2017 Society
of Hospital Medicine

Pneumonia is a leading cause of hospitalizations in the U.S.,
accounting for more than 1.1 million discharges annually.!
Pneumonia is frequently complicated by hospital readmis-
sion, which is costly and potentially avoidable.?* Due to
financial penalties imposed on hospitals for higher than ex-
pected 30-day readmission rates, there is increasing atten-
tion to implementing interventions to reduce readmissions
in this population.*> However, because these programs are
resource-intensive, interventions are thought to be most
cost-effective if they are targeted to high-risk individuals
who are most likely to benefit.>*

Current pneumonia-specific readmission risk-prediction
models that could enable identification of high-risk patients
suffer from poor predictive ability, greatly limiting their use,
and most were validated among older adults or by using data

*Address for correspondence and reprint requests: Anil N. Makam, MD,
MAS; 5323 Harry Hines Blvd., Dallas, TX, 756390-9169; Telephone: 214-648-
3272; Fax: 214-648-3232; E-mail: anil. nakam@utsouthwestern.edu
Additional Supporting Information may be found in the online version of this
article.

Received: June 17, 2016; Revised: August 29, 2016; Accepted: August 29,
2016

2017 Society of Hospital Medicine DOI 10.12788/jhm.2711

from single academic medical centers, limiting their gener-
alizability.”* A potential reason for poor predictive accu-
racy is the omission of known robust clinical predictors of
pneumonia-related outcomes, including pneumonia severity
of illness and stability on discharge.”!7 Approaches using
electronic health record (EHR) data, which include this
clinically granular data, could enable hospitals to more ac-
curately and pragmatically identify high-risk patients during
the index hospitalization and enable interventions to be ini-
tiated prior to discharge.

An alternative strategy to identifying high-risk patients for
readmission is to use a multi-condition risk-prediction mod-
el. Developing and implementing models for every condition
may be time-consuming and costly. We have derived and val-
idated 2 multi-condition risk-prediction models using EHR
data—1 using data from the first day of hospital admission
(‘first-day’ model), and the second incorporating data from
the entire hospitalization (‘full-stay’ model) to reflect in-hos-
pital complications and clinical stability at discharge.!®"
However, it is unknown if a multi-condition model for pneu-
monia would perform as well as a disease-specific model.

This study aimed to develop 2 EHR-based pneumo-
nia-specific readmission risk-prediction models using data
routinely collected in clinical practice—a ‘first-day’ and a

An Official Publication of the Society of Hospital Medicine
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‘full-stay’” model—and compare the performance of each
model to: 1) one another; 2) the corresponding multi-con-
dition EHR model; and 3) to other potentially useful mod-
els in predicting pneumonia readmissions (the Centers for
Medicare and Medicaid Services [CMS] pneumonia model,
and 2 commonly used pneumonia severity of illness scores
validated for predicting mortality). We hypothesized that
the pneumonia-specific EHR models would outperform oth-
er models; and the full-stay pneumonia-specific model would
outperform the first-day pneumonia-specific model.

METHODS

Study Design, Population, and Data Sources

We conducted an observational study using EHR data col-
lected from 6 hospitals (including safety net, community,
teaching, and nonteaching hospitals) in north Texas be-
tween November 2009 and October 2010, All hospitals used
the Epic EHR (Epic Systems Corporation, Verona, WI). De-
tails of this cohort have been published.!s!

We included consecutive hospitalizations among adults
18 years and older discharged from any medicine service
with principal discharge diagnoses of pneumonia (ICD-9-
CM codes 480-483, 485, 486-487), sepsis (ICD-9-CM codes
038, 995.91, 995.92, 785.52), or respiratory failure (ICD-9-
CM codes 518.81, 518.82, 518.84, 799.1) when the latter 2
were also accompanied by a secondary diagnosis of pneumo-
nia.?’ For individuals with multiple hospitalizations during
the study period, we included only the first hospitalization.
We excluded individuals who died during the index hospi-
talization or within 30 days of discharge, were transferred to
another acute care facility, or left against medical advice.

Outcomes

The primary outcome was all-cause 30-day readmission,
defined as a nonelective hospitalization within 30 days of
discharge to any of 75 acute care hospitals within a 100-
mile radius of Dallas, ascertained from an all-payer regional
hospitalization database.

Predictor Variables for the Pneumonia-Specific
Readmission Models

The selection of candidate predictors was informed by our
validated multi-condition risk-prediction models using
EHR data available within 24 hours of admission (‘first-day’
multi-condition EHR model) or during the entire hospital-
ization (‘full-stay’ multi-condition EHR model).!®* For the
pneumonia-specific models, we included all variables in our
published multi-condition models as candidate predictors,
including sociodemographics, prior utilization, Charlson
Comorbidity Index, select laboratory and vital sign abnor-
malities, length of stay, hospital complications (eg, venous
thromboembolism), vital sign instabilities, and disposition
status (see Supplemental Table 1 for complete list of vari-
ables). We also assessed additional variables specific to pneu-
monia for inclusion that were: (1) available in the EHR of
all participating hospitals; (2) routinely collected or avail-

able at the time of admission or discharge; and (3) plausi-
ble predictors of adverse outcomes based on literature and
clinical expertise. These included select comorbidities (eg,
psychiatric conditions, chronic lung disease, history of pneu-
monia),!%!12122 the pneumonia severity index (PSI),!¢2324 in-
tensive care unit stay, and receipt of invasive or noninvasive
ventilation. We used a modified PSI score because certain
data elements were missing. The modified PSI (henceforth
referred to as PSI) did not include nursing home residence
and included diagnostic codes as proxies for the presence of
pleural effusion (ICD-9-CM codes 510, 511.1, and 511.9)
and altered mental status (ICD-9-CM codes 780.0X, 780.97,
293.0, 293.1, and 348.3X).

Statistical Analysis

Model Derivation. Candidate predictor variables were clas-
sified as available in the EHR within 24 hours of admission
and/or at the time of discharge. For example, socioeconomic
factors could be ascertained within the first day of hospital-
ization, whereas length of stay would not be available until
the day of discharge. Predictors with missing values were as-
sumed to be normal (less than 1% missing for each variable).
Univariate relationships between readmission and each can-
didate predictor were assessed in the overall cohort using a
pre-specified significance threshold of P < 0.10. Significant
variables were entered in the respective first-day and full-stay
pneumonia-specific multivariable logistic regression models
using stepwise-backward selection with a pre-specified sig-
nificance threshold of P < 0.05. In sensitivity analyses, we
alternately derived our models using stepwise-forward selec-
tion, as well as stepwise-backward selection minimizing the
Bayesian information criterion and Akaike information cri-
terion separately. These alternate modeling strategies yield-
ed identical predictors to our final models.

Model Validation. Model validation was performed using
5-fold cross-validation, with the overall cohort randomly
divided into 5 equal-size subsets.”> For each cycle, 4 subsets
were used for training to estimate model coefficients, and
the fifth subset was used for validation. This cycle was re-
peated 5 times with each randomly-divided subset used once
as the validation set. We repeated this entire process 50
times and averaged the C statistic estimates to derive an op-
timism-corrected C statistic. Model calibration was assessed
qualitatively by comparing predicted to observed probabil-
ities of readmission by quintiles of predicted risk, and with
the Hosmer-Lemeshow goodness-of-fit test.

Comparison to Other Models. The main comparisons
of the first-day and full-stay pneumonia-specific EHR mod-
el performance were to each other and the corresponding
multi-condition EHR model.®®” The multi-condition
EHR models were separately derived and validated with-
in the larger parent cohort from which this study cohort
was derived, and outperformed the CMS all-cause model,
the HOSPITAL model, and the LACE index.!” To further
triangulate our findings, given the lack of other rigorous-
ly validated pneumonia-specific risk-prediction models for
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readmission,'* we compared the pneumonia-specific EHR

models to the CMS pneumonia model derived from admin-
istrative claims data,'® and 2 commonly used risk-prediction
scores for short-term mortality among patients with commu-
nity-acquired pneumonia, the PSI and CURB-65 scores.'¢
Although derived and validated using patient-level data,
the CMS model was developed to benchmark hospitals ac-
cording to hospital-level readmission rates.!'® The CURB-65
score in this study was also modified to include the same
altered mental status diagnostic codes according to the
modified PSI as a proxy for “confusion.” Both the PSI and
CURB-65 scores were calculated using the most abnormal
values within the first 24 hours of admission. The ‘updated’
PSI and the ‘updated” CURB-65 were calculated using the
most abnormal values within 24 hours prior to discharge, or
the last known observation prior to discharge if no results
were recorded within this time period. A complete list of
variables for each of the comparison models are shown in
Supplemental Table 1.

We assessed model performance by calculating the C sta-
tistic, integrated discrimination index, and net reclassifica-
tion index (NRI) compared to our pneumonia-specific mod-
els. The integrated discrimination index is the difference
in the mean predicted probability of readmission between
patients who were and were not actually readmitted between
2 models, where more positive values suggest improvement
in model performance compared to a reference model.?® The
NRI is defined as the sum of the net proportions of correctly
reclassified persons with and without the event of interest.?”
Here, we calculated a category-based NRI to evaluate the
performance of pneumonia-specific models in correctly clas-
sifying individuals with and without readmissions into the 2
highest readmission risk quintiles vs the lowest 3 risk quin-
tiles compared to other models.?” This pre-specified cutoff
is relevant for hospitals interested in identifying the high-
est risk individuals for targeted intervention.” Finally, we
assessed calibration of comparator models in our cohort by
comparing predicted probability to observed probability of
readmission by quintiles of risk for each model. We conduct-
ed all analyses using Stata 12.1 (StataCorp, College Station,
Texas). This study was approved by the University of Texas
Southwestern Medical Center Institutional Review Board.

RESULTS

Of 1463 index hospitalizations (Supplemental Figure 1), the
30-day all-cause readmission rate was 13.6%. Individuals
with a 30-day readmission had markedly different sociode-
mographic and clinical characteristics compared to those
not readmitted (Table 1; see Supplemental Table 2 for addi-
tional clinical characteristics).

Derivation, Validation, and Performance of the Pneumonia-
Specific Readmission Risk-Prediction Models

The final first-day pneumonia-specific EHR model included
7 variables, including sociodemographic characteristics; pri-
or hospitalizations; thrombocytosis, and PSI (Table 2). The
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first-day pneumonia-specific model had adequate discrimina-
tion (C statistic, 0.695; optimism-corrected C statistic 0.675,
95% confidence interval [CI], 0.667-0.685; Table 3). It also
effectively stratified individuals across a broad range of risk
(average predicted decile of risk ranged from 4% to 33%; Ta-
ble 3) and was well calibrated (Supplemental Table 3).

The final full-stay pneumonia-specific EHR readmission
model included 8 predictors, including 3 variables from the
first-day model (median income, thrombocytosis, and prior
hospitalizations; Table 2). The full-stay pneumonia-specific
EHR model also included vital sign instabilities on discharge,
updated PSI, and disposition status (ie, being discharged
with home health or to a post-acute care facility was associ-
ated with greater odds of readmission, and hospice with low-
er odds). The full-stay pneumonia-specific EHR model had
good discrimination (C statistic, 0.731; optimism-corrected
C statistic, 0.714; 95% CI, 0.706-0.720), and stratified indi-
viduals across a broad range of risk (average predicted decile
of risk ranged from 3% to 37%; Table 3), and was also well
calibrated (Supplemental Table 3).

First-Day Pneumonia-Specific EHR Model vs First-Day
Multi-Condition EHR Model

The first-day pneumonia-specific EHR model outperformed
the first-day multi-condition EHR model with better dis-
crimination (P = 0.029) and more correctly classified indi-
viduals in the top 2 highest risk quintiles vs the bottom 3
risk quintiles (Table 3, Supplemental Table 4, and Supple-
mental Figure 2A). With respect to calibration, the first-day
multi-condition EHR model overestimated risk among the
highest quintile risk group compared to the first-day pneu-
monia-specific EHR model (Figure 1A, 1B).

Full-Stay Pneumonia-Specific EHR Model vs Other Models
The full-stay pneumonia-specific EHR model comparatively
outperformed the corresponding full-stay multi-condition
EHR model, as well as the first-day pneumonia-specific
EHR model, the CMS pneumonia model, the updated PSI,
and the updated CURB-65 (Table 3, Supplemental Table
5, Supplemental Table 6, and Supplemental Figures 2B and
2C). Compared to the full-stay multi-condition and first-
day pneumonia-specific EHR models, the full-stay pneumo-
nia-specific EHR model had better discrimination, better
reclassification (NRI, 0.09 and 0.08, respectively), and was
able to stratify individuals across a broader range of readmis-
sion risk (Table 3). It also had better calibration in the high-
est quintile risk group compared to the full-stay multi-condi-

tion EHR model (Figure 1C and 1D).

Updated vs First-Day Modified PSI and CURB-65 Scores

The updated PSI was more strongly predictive of readmis-
sion than the PSI calculated on the day of admission (Wald
test, 9.83; P = 0.002). Each 10-point increase in the updated
PSI was associated with a 22% increased odds of readmission
vs an 11% increase for the PSI calculated upon admission
(Table 2). The improved predictive ability of the updated
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TABLE 1. Baseline Characteristics of Patients Hospitalized with Pneumonia

No Readmission Readmission

n=1.264 n=199 Pvalue
Sociodemographic characteristics
Age in years, mean (SD) 64.5(17.2) 70.3 (15.0) <0.001
Male, n (%) 549 (43.4) 101 (50.8) 0.054
Race/ethnicity 0.894
White 880 (69.6) 138 (69.6)
Black 166 (13.1) 29 (14.6)
Hispanic 165 (13.1) 23(11.6)
Other 53(4.2) 9(4.5)
Marital status, n (%) 0.027
Single 295 (23.3) 30 (15.1)
Married 493 (39.0) 81 (40.7)
Other 476 (37.7) 88 (44.2)
Primary payer, n (%) <0.001
Private 517 (40.9) 60 (30.2)
Medicare 540 (42.7) 117 (58.8)
Medicaid 72 (5.7) 15(7.5)
Charity, self-pay, or other 135(10.7) 7(3.5)
Median income (<$30,000) per ZIP code, n (%) 102 (8.1) 26 (13.1) 0.022
Utilization history
>1 hospitalizations in past year, n (%) 433 (33.4) 99 (50.0) <0.001
Clinical factors from first day of hospital stay
Charlson Comorbidity Index, median [IQR]® 0[0-1] 0[0-3] <0.001
Platelets >350 x 10%L 142 (11.2) 43 (21.6) <0.001
PSI¢ <0.001
<70 428 (33.9) 33(16.6)
71-90 318 (25.2) 50 (25.1)
91-130 398 (31.5) 73(36.7)
>130 120 (9.5) 43 (21.6)
Clinical factors from remainder of hospital stay 0.001
Length of stay in days, median [IQR] 5(3-7] 6 [4-9]
Updated pneumonia severity index® <0.001
<70 561 (44.4) 43 (21.6)
71-90 359 (28.4) 56 (28.1)
91-130 301 (23.8) 83 (41.7)
>130 43 (3.4) 17(8.5)
Vital sign instabilities on discharge, >1, n(%)° 310 (24.5) 68 (34.2) 0.004
Discharge location, n (%) <0.001
Home 889 (70.3) 106 (53.3)
Home health 106 (8.4) 30 (15.1)
Post-acute care® 237 (18.8) 60 (30.2)
Hospice 32 (2.5 3(1.5)

“Prior hospitalization at any of 75 acute care hospitals in the north Texas region within the past year.
“Calculated from diagnoses available within 1 year prior to index hospitalization.

“Omitted nursing home residence and included diagnostic codes as proxies for pleural effusion (ICD-9-CM codes 510, 511.1, and 511.9) and altered mental status (ICD-9-CM codes 780.0X, 780.97, 293.0, 293.1, and 348.3X).
9On day of discharge, or last known observation prior to discharge. Instabilities were defined as temperature >37.8°C, heart rate >100 beats/minute, respiratory rate > 24 breaths/minute, systolic blood pressure <90 mm Hg, or oxygen

saturation <90%."”
“Includes discharges to nursing home, skilled nursing facility, or long-term acute care hospital.
NOTE: Abbreviations: IQR, interquartile range; PSI, pneumonia severity index.

PSI and CURB-65 scores was also reflected in the superi-
or discrimination and calibration vs the respective first-day
pneumonia severity of illness scores (Table 3).

DISCUSSION

Using routinely available EHR data from 6 diverse hospitals,
we developed 2 pneumonia-specific readmission risk-predic-
tion models that aimed to allow hospitals to identify patients

hospitalized with pneumonia at high risk for readmission.
Overall, we found that a pneumonia-specific model using EHR
data from the entire hospitalization outperformed all other
models—including the first-day pneumonia-specific model us-
ing data present only on admission, our own multi-condition
EHR models, and the CMS pneumonia model based on admin-
istrative claims data—in all aspects of model performance (dis-
crimination, calibration, and reclassification). We found that
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TABLE 2. Final Pneumonia-Specific EHR Risk-Prediction Models for Readmissions

Odds Ratio (95% Cl)

Univariate Multivariate®
First-day pneumonia-specific model
Single 0.58 (0.39-0.88) 0.61 (0.40-0.95)
Medicare 1.91 (1.41-2.59) 1.72 (1.23-2.41)
Medicaid 1.35(0.76-2.40) 2.16 (1.14-4.11)
Median income (<$30,000) per ZIP code 1.71 (1.08-2.71) 1.85 (1.14-3.02)
Prior hospitalizations in past year 1.35(1.19-1.53) 1.18 (1.03-1.36)
Platelets >350 x 10%/uL 2.18 (1.49-3.18) 2.18 (1.46-3.24)
PSI, per 10 points 1.15 (1.06-1.17) 1.11(1.06-1.17)
Full-stay pneumonia-specific model
Median income (<$30,000) per ZIP code 1.71 (1.08-2.71) 1.92 (1.18-3.12)
Platelets >350 x 10%/jL 2.18(1.49-3.18) 2.35 (1.57-3.52)
Prior hospitalizations in past year 1.35(1.19-1.53) 1.26 (1.10-1.44)
Vital sign instabilities on discharge, >1 1.60 (1.16-2.20) 1.47 (1.05-2.07)
Updated PSI, per 10 points 1.23(1.17-1.30) 1.22 (1.15-1.29)
Disposition status at hospital discharge
Home [Reference] [Reference]

Home with home health
Post-acute care facility
Hospice

2.37 (1.51-3.79)
2.12 (1.50-3.01)
0.79 (0.24-2.61)

1,61 (0.99-2.62)
1,39 (0.94-2.03)
0.23 (0.07-0.83)

Adjusted for all factors listed in the table for each respective model
NOTE: Abbreviations: CI, confidence interval; EHR, electronic health record; PSI, pneumonia severity index.

TABLE 3. Model Performance and Comparison of Pneumonia-Specific EHR Readmissions Models vs Other

Models
Comparison of C Statistic IDI (%) Categorical NRI® Average Predicted Risk (%)
Model C Statistic (P value) (95% Cl) (95% Cl) Lowest Decile  Highest Decile
First-day pneumonia 0.695 [Reference] [Reference] [Reference] 0.04 0.33
First-day multi-condition 0.656 0.029 -0.01 (-0.03 t0 0.01) -0.06 (-0.1510 0.02) 0.07 0.36
CMS pneumonia 0.640 0.014 -0.03 (-0.04 t0 -0.02) -0.07 (-0.1510 0.02) 0.08 0.29
PSI 0.638 <0.001 -0.03 (-0.04 t0 -0.02) -0.09 (-0.17 t0 -0.01) 0.06 0.27
CURB-65 0.578 <0.001 -0.05 (-0.07 to -0.04) -0.14 (-0.23 t0 -0.05) 0.10 0.18
Full-stay pneumonia 0.731 [Reference] [Reference] [Reference] 0.03 0.37
First-day pneumonia 0.695 0.018 -0.02 (-0.01 t0 -0.03) -0.08 (-0.01 to -0.15) 0.04 0.33
Full-stay multi-condition 0.681 0.008 -0.01 (-0.03 t0 0.01) -0.09 (-0.17 t0 -0.01) 0.06 0.39
CMS pneumonia 0.640 <0.001 -0.05 (-0.04 t0 -0.07) -0.15(-0.23 to -0.06) 0.08 0.29
Updated PSI 0.673 <0.001 -0.04 (-0.06 to -0.03) -0.09 (-0.16 to -0.01) 0.05 0.30
Updated CURB-65 0.604 <0.001 -0.07 (-0.08 to -0.05) -0.18 (-0.27 t0 -0.09) 0.09 0.22

2P values are shown for each model compared to the respective reference model using the DeLong, DeLong, and Clarke-Pearson method.

“The categorical NRI compares reclassification between the highest 2 risk quintiles and the lowest 3 risk quintiles.

NOTE: Abbreviations: CI, confidence interval; CMS, Centers for Medicare and Medicaid Services; IDI, integrated discrimination improvement; NRI, net reclassification index; PSI, pneumonia severity index.

socioeconomic status, prior hospitalizations, thrombocytosis,
and measures of clinical severity and stability were important
predictors of 30-day all-cause readmissions among patients hos-
pitalized with pneumonia. Additionally, an updated discharge
PSI score was a stronger independent predictor of readmissions
compared to the PSI score calculated upon admission; and in-
clusion of the updated PSI in our full-stay pneumonia model

led to improved prediction of 30-day readmissions.

The marked improvement in performance of the full-stay
pneumonia-specific EHR model compared to the first-day
pneumonia-specific model suggests that clinical stability
and trajectory during hospitalization (as modeled through
disposition status, updated PSI, and vital sign instabilities
at discharge) are important predictors of 30-day readmis-
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FIG. Comparison of the calibration of different readmission models. The Hosmer-Lemeshow goodness-of-fit test using deciles of predicted risk confirmed adequate

model fit for the first-day and full-stay pneumonia-specific models (P value = 0.16 and 0.31, respectively)

sion among patients hospitalized for pneumonia, which was
not the case for our EHR-based multi-condition models."”
With the inclusion of these measures, the full-stay pneumo-
nia-specific model correctly reclassified an additional 8% of
patients according to their true risk compared to the first-
day pneumonia-specific model. One implication of these
findings is that hospitals interested in targeting their highest
risk individuals with pneumonia for transitional care inter-
ventions could do so using the first-day pneumonia-specific
EHR model and could refine their targeted strategy at the
time of discharge by using the full-stay pneumonia model.
This staged risk-prediction strategy would enable hospitals
to initiate transitional care interventions for high-risk in-
dividuals in the inpatient setting (ie, patient education).?
Then, hospitals could enroll both persistent and newly iden-
tified high-risk individuals for outpatient interventions (ie,
follow-up telephone call) in the immediate post-discharge
period, an interval characterized by heightened vulnerabili-
ty for adverse events,? based on patients’ illness severity and
stability at discharge. This approach can be implemented by
hospitals by building these risk-prediction models directly
into the EHR, or by extracting EHR data in near real time as

our group has done successfully for heart failure.”

Another key implication of our study is that, for pneu-
monia, a disease-specific modeling approach has better pre-
dictive ability than using a multi-condition model. Com-
pared to multi-condition models, the first-day and full-stay
pneumonia-specific EHR models correctly reclassified an
additional 6% and 9% of patients, respectively. Thus, hos-
pitals interested in identifying the highest risk patients with
pneumonia for targeted interventions should do so using the
disease-specific models, if the costs and resources of doing so
are within reach of the healthcare system.

An additional novel finding of our study is the added val-
ue of an updated PSI for predicting adverse events. Studies
of pneumonia severity of illness scores have calculated the
PSI and CURB-65 scores using data present only on admis-
sion.!%* While our study also confirms that the PSI calculated
upon admission is a significant predictor of readmission,>?
this study extends this work by showing that an updated PSI
score calculated at the time of discharge is an even stron-
ger predictor for readmission, and its inclusion in the model
significantly improves risk stratification and prognostication.

Our study was noteworthy for several strengths. First, we
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used data from a common EHR system, thus potentially al-
lowing for the implementation of the pneumonia-specific
models in real time across a number of hospitals. The use of
routinely collected data for risk-prediction modeling makes
this approach scalable and sustainable, because it obviates
the need for burdensome data collection and entry. Second,
to our knowledge, this is the first study to measure the ad-
ditive influence of illness severity and stability at discharge
on the readmission risk among patients hospitalized with
pneumonia. Third, our study population was derived from
6 hospitals diverse in payer status, age, race/ethnicity, and
socioeconomic status. Fourth, our models are less likely to
be overfit to the idiosyncrasies of our data given that several
predictors included in our final pneumonia-specific models
have been associated with readmission in this population,
including marital status,”*® income,!'?! prior hospitaliza-
tions,'" thrombocytosis,**?* and vital sign instabilities on
discharge.!” Lastly, the discrimination of the CMS pneumo-
nia model in our cohort (C statistic, 0.64) closely matched
the discrimination observed in 4 independent cohorts (C
statistic, 0.63), suggesting adequate generalizability of our
study setting and population.!®!?

Our results should be interpreted in the context of sever-
al limitations. First, generalizability to other regions beyond
north Texas is unknown. Second, although we included a
diverse cohort of safety net, community, teaching, and non-
teaching hospitals, the pneumonia-specific models were not
externally validated in a separate cohort, which may lead to
more optimistic estimates of model performance. Third, PSI
and CURB-65 scores were modified to use diagnostic codes
for altered mental status and pleural effusion, and omitted
nursing home residence. Thus, the independent associations
for the PSI and CURB-65 scores and their predictive ability
are likely attenuated. Fourth, we were unable to include data
on medications (antibiotics and steroid use) and outpatient
visits, which may influence readmission risk.>*!3%-4 Fifth,
we included only the first pneumonia hospitalization per
patient in this study. Had we included multiple hospitaliza-
tions per patient, we anticipate better model performance
for the 2 pneumonia-specific EHR models since prior hospi-
talization was a robust predictor of readmission.

In conclusion, the full-stay pneumonia-specific EHR re-
admission risk-prediction model outperformed the first-day
pneumonia-specific model, multi-condition EHR models,
and the CMS pneumonia model. This suggests that: mea-
sures of clinical severity and stability at the time of discharge
are important predictors for identifying patients at highest
risk for readmission; and that EHR data routinely collected
for clinical practice can be used to accurately predict risk
of readmission among patients hospitalized for pneumonia.
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BACKGROUND: The use of rapid response systems (RRS),
which were designed to bring clinicians with critical care ex-
pertise to the bedside to prevent unnecessary deaths, has
increased. RRS rely on accurate detection of acute deteri-
oration events. Early warning scores (EWS) have been used
for this purpose but were developed using heterogeneous
populations. Predictive performance may differ in medical vs
surgical patients.

OBJECTIVE: To evaluate the performance of published EWS
in medical vs surgical patient populations.

DESIGN: Retrospective cohort study.

SETTING: Two tertiary care academic medical center hospi-
tals in the Midwest totaling more than 1500 beds.

PATIENTS: All patients discharged from January to Decem-
ber 2011.

INTERVENTION: None.

MEASUREMENTS: Time-stamped longitudinal database of
patient variables and outcomes, categorized as surgical or
medical. Outcomes included unscheduled transfers to the
intensive care unit, activation of the RRS, and calls for car-
diorespiratory resuscitation (“resuscitation call”). The EWS
were calculated and updated with every new patient variable
entry over time. Scores were considered accurate if they pre-
dicted an outcome in the following 24 hours.

RESULTS: All EWS demonstrated higher performance within
the medical population as compared to surgical: higher pos-
itive predictive value (P < .0001 for all scores) and sensitivity
(P < .0001 for all scores). All EWS had positive predictive
values below 25%.

CONCLUSIONS: The overall poor performance of the eval-
uated EWS was marginally better in medical patients when
compared to surgical patients. Journal of Hospital Medicine
2017;12:217-223. © 2017 Society of Hospital Medicine

Patients typically show signs and symptoms of deterioration
hours to days prior to cardiorespiratory arrest."* The rate of
inhospital cardiorespiratory arrest (CRA) requiring cardio-
pulmonary resuscitation is estimated to be 0.174 per bed per
year in the United States.’ After CRA, survival to discharge
is estimated to be as low as 18%.%* Efforts to predict and
prevent arrest could prove beneficial.!*

Rapid response systems (RRS) have been proposed as a
means of identifying clinical deterioration and facilitating
a timely response. These systems were designed to bring cli-
nicians with critical care expertise to the bedside to prevent
unnecessary deaths. They typically include an afferent limb
(detects deteriorating patients), an efferent limb (responds
to calls and acts to avoid further deterioration), and admin-
istrative and data analysis limbs.>® Automatic provision of
recommendations and computer-based systems are desirable
components of the afferent limb of the detection system.’
Both are independent predictors of improved clinical prac-
tices for clinical decision support systems.” However, the
existing early warning scores (EWS) may not be ready for

*Address for correspondence and reprint requests: Lisa L. Kirkland MD, 200
First Street SW, Rochester, MN 55905; Telephone: 507-255-8715; Fax: 507-
255-9189; E-mail: kirkland.lisa@mayo.edu

Received: October 26, 2015; Revised: August 31, 2016; Accepted: Septem-
ber 5, 2016
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automation due to low positive predictive values (PPV) and
sensitivities.®

[t is possible that the low discriminatory accuracy of the
published EWS may be secondary to the use of aggregate
patient populations for derivation of scores. We hypothe-
sized that these EWS perform differently in medical and in
surgical subpopulations. Also, the EWS need to be tested
in a time-dependent manner to serve as a realistic clinical
support tool for hospitalized patients.

STUDY AIM
The aim of this study was to evaluate the differential perfor-
mance of widely used EWS in medical vs surgical patients.

METHODS

Site

The study was conducted in an academic center with 2 hos-
pitals in Southeastern Minnesota totaling approximately
1500 general care nonintensive care unit (ICU) beds. The
Mayo Clinic Institutional Review Board approved the re-
search proposal.

Subjects

Our retrospective cohort was comprised of all adult inpa-
tients discharged from 2 academic hospitals between January
1, 2011 and December 31, 2011 who spent any time in a
general care (non-ICU) unit. We excluded patients younger
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than 18 years, psychiatric or rehabilitation inpatients, those
without research authorization, and patients admitted for
research purposes.

Study patients were divided into medical and surgical co-
horts. Hospitalizations were considered surgical if patients
had surgery at any time during their hospital stay according
to billing data. A trigger was an instance in which a patient
met the conditions of a specific rule (score/vital sign exceed-
ed the published/defined threshold).

A resuscitation call was defined as a call for cardiopulmo-
nary resuscitation when a patient has a CRA.

An event was an occurrence of 1 of the following in a
general care setting: unplanned transfer to the ICU, resusci-
tation call, or RRS activation.

The RRS activation criteria consisted of an “acute and per-
sistent change” in any 1 or more of the following: oxygen sat-
urations less than 90%, heart rate less than 40 or greater than
130 beats/minute, systolic blood pressure less than 90 mm Hg,
or respiratory rate less than 10 or greater than 28 breaths/min-
ute. The RRS activation requires health provider action; they
are not electronically generated. Nurses and physicians may
also activate the RRS if they are concerned about a patient,
even if calling criteria are not met. This is in contrast to the
EWS analyzed, which are aggregate composites of multiple
parameters. However, whether or not a derangement in vital
signs is considered an “acute and persistent change” still in-
volves clinical judgment. Any movement from a general care
bed to an ICU bed, or from a general care bed to a procedure
area, and from there to an ICU, was considered unplanned.
Transfers to the ICU directly from the emergency department
or operating room (OR) were not considered as an unplanned
transfer and were not included in the analyses.

Coverage time was the period observed for events after
a rule was triggered. In this analysis, a coverage time of 24
hours was considered, with a 1-hour look-back. A trigger was
counted as a true positive if an event occurred during the
following 24 hours. The 1-hour look-back was included to
take into account the nursing clinical process of prioritizing
a call to the RRS followed by documentation of the altered
vital signs that prompted the call.

An episode was the continuous time on the general care
floor within a hospitalization, excluding times when a pa-
tient was in the OR or ICU. For example, if a patient was
admitted to a general bed on a surgery floor, subsequently
went to the OR, and then returned to the surgery floor, the
2 episodes were considered separate: the time on the floor
before surgery, and the time on the floor after surgery.

Assessment of implementation of RRS in our hospitals
showed a significant drop in the failure-to-rescue rate (issues
considered related to delay or failure to identify or intervene
appropriately when a patient was deteriorating, as identi-
fied through mortality review) and a decrease in non-ICU
mortality.>1® This suggests that our current process captures
many of the relevant episodes of acute deterioration when a
rapid response team is needed and supports using RRS acti-
vation as outcomes.

Data Sources

We developed a time-stamped longitudinal database of pa-
tient data from the electronic health record, including vital
signs, laboratory test results, demographics (age, sex), ad-
ministrative data (including length of stay), comorbidities,
resuscitation code status, location in hospital, and at the
minute level throughout each patient’s hospital stay. Physi-
ologically impossible values (eg, blood pressures of 1200 mm
Hg) were considered entered in error and eliminated from
the database. Time spent in the OR or ICU was excluded
because RRS activation would not be applied in these al-
ready highly monitored areas. SAS Statistical software (SAS
Institute Inc. Cary, North Carolina) was used for database
creation.

We applied the current RRS calling criteria in our institu-
tion and calculated the Kirkland score,!! along with some of
the most widely used early warning scores:'? Modified Early
Warning System (MEWS)," Standardized Early Warning
Scoring System (SEWS),* Global Modified Early Warning
Score (GMEWS),"” Worthing physiologic scoring system,!
National Early Warning Score (NEWS),'7 and VitaPAC
Early Warning Score (ViEWS).!® Published thresholds for
these scores were used to create rule triggers in the data.
Once a trigger was created to calculate the number of false
positives and true positives, all subsequent triggers were ig-
nored until the end of the episode or until 24 hours elapsed.
We calculated triggers in a rolling fashion throughout the
episodes of care. The EWS score was updated every time a
new parameter was entered into the analytical electronic
health record, and the most recent value for each was used
to calculate the score. SAS statistical software was used for
calculation of scores and identification of outcomes.

For our analysis, events were treated as dependent vari-
ables, and triggers were independent variables. We calculat-
ed the score for each EWS to the minute level throughout
our retrospective database. If the score for a specific EWS
was higher than the published/recommended threshold for
that EWS, an alert was considered to have been issued, and
the patient was followed for 24 hours. If the patient had an
event in the subsequent 24 hours, or 1 hour before (1-hour
look-back), the alert was considered a true positive; if not,
a false positive. Events that were not preceded by an alert
were false negatives, and 24-hour intervals without either an
alert or an event were considered true negatives. This simu-
lation exercise was performed for each EWS in both subco-
horts (medical and surgical). Clusters of RRS calls followed
by transfers to the ICU within 3 hours were considered as a
single adverse event (RRS calls, as it was the first event to
occur) to avoid double counting. We have described how
well this simulation methodology,® correlates with results
from prospective studies.!’

Statistical Analysis

To calculate whether results were statistically significant for
subgroups, a jackknife method of calculating variance?® was
used. The jackknife method calculates variance by repeating
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TABLE 1. Patient Characteristics, Events, and Triggers

All Surgical Medical
Patient characteristics
Total patients (N9 34,898 20,176 14,722
Male patients (N [%]) 17,001 (48.7%) 10,368 (51.4%) 6633 (45.1%)
Age (mean) 58.6 58.9 58.2
Total hospitalizations 46,366 23,831 22,535
Total episodes (N) 75,240 46,275 28,965
Total time points (N) 16,780,669 11,878,268 4902,401
LoS (d)?
LOS, hospitalization (median, quartiles)
25% 2 2 2
50% 3 3 3
75% 6 6 5
LOS, episode. (median, quartiles)
25% 0 0 1
50% 2 2 2
75% 3 3 4
Events®
Total events 3,517 1,820 1,697
RRS calls 1,865 786 1,079
Code 45 203 119 84
Unscheduled transfer to ICU 1,449 915 534
Event rate
Total events/100 episodes 4.67 3.93 5.86
RRS calls/100 episodes 2.48 1.70 3.73
Code 45/100 episodes 0.27 0.26 0.29
Unscheduled transfers to ICU/100 episodes 1.93 1.98 1.84
Triggers by rule
RRT 174,014 101,190 72,824
GMEWS 5,043 2,338 2,705
MEWS 51,693 27,386 24,307
SEWS 116,753 63,370 53,383
VIEWS 1,375,831 818,695 557,136
Worthing 1,175,736 685,693 490,043
Kirkland 602,441 321,605 280,836
Triggers/d/10 hospital beds
RRT 3.0 3.1 29
GMEWS 0.1 0.1 0.1
MEWS 09 0.8 1.0
SEWS 2.0 19 2.1
VIEWS 23.8 249 224
Worthing 20.3 20.8 19.7
Kirkland 10.4 9.8 11.3

“Patients are classified as surgical if they had at least 1 surgical hospitalization during the study period. All other metrics shown here (eg, events, triggers) are calculated per hospitalization. Hence, the total number of events for the

medical group is the total number of events for all medical hospitalizations.

“Events and triggers are assigned to the group where a patient was when the event took place. “Triggers” refers to the number of instances when a patient met the EWS'’ triggering criteria recommended by the authors.
NOTE: Abbreviations: GMEWS, Global Modified Early Warning Score; ICU, intensive care unit; LOS, length of stay; RRS, rapid response systems; RRT, rapid response team calling criteria; SEWS, Standardized Early Warning Scoring

System; VIEWS, VitaPAC Early Warning Score.

the calculations of the statistic leaving out 1 sample at a
time. In our case, we repeated the calculation of sensitivity
and PPV leaving out 1 patient at a time. Once the simula-
tion method had been run and the false/true positives/neg-
atives had been assigned, calculation of each metric (PPV
and sensitivity) was repeated for n subsamples, each leaving
out 1 patient. The variance was calculated and 2 Student t
tests were performed for each EWS: 1 for PPV and anoth-
er for sensitivity. SAS statistical software v 9.3 was used for
the simulation analysis; R statistical software v 3.0.2 (The R
Foundation, Vienna, Austria) was used for the calculation of

the statistical significance of results. A univariable analysis
was also performed to assess the sensitivity and PPVs for the
published thresholds of the most common variables in each
EWS: respiratory rate, systolic blood pressure, heart rate,
temperature, and mental status as measured by the modified
Richmond Agitation Sedation Score.?!

RESULTS

The initial cohort included 60,020 hospitalizations, of which
the following were excluded: 2751 because of a lack of ap-
propriate research authorization; 6433 because the patients
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TABLE 2. Comparison of the Predictive Performance of Widely Used EWS in a Surgical and a Medical

Population®
Alerts (n) Sensitivity PPV
Medical Surgical Medical Surgical Medical Surgical
N N Mean SD Mean SD Mean SD Mean SD

GMEWS 688 675 0.10 0.007 0.07 0.006 0.22 0.013 0.18 0.013
KIRKL 14,210 14,560 0.58 0.008 0.49 0.008 0.06 0.002 0.06 0.002
MEWS 4040 3957 0.37 0.009 0.29 0.009 0.14 0.005 0.13 0.005
NEWS 14,269 16,197 0.64 0.007 0.53 0.008 0.07 0.002 0.06 0.002
RRT 13,527 16,120 0.59 0.008 0.53 0.008 0.07 0.002 0.06 0.002
SEWS 7832 9116 0.51 0.008 0.40 0.009 0.10 0.003 0.08 0.003
VIEWS 26,034 35,856 0.78 0.005 0.70 0.006 0.05 0.001 0.03 0.001
WRTH 33,602 44,109 0.78 0.005 0.68 0.006 0.04 0.001 0.03 0.001

?All analyzed EWS sensitivity and PPV perform better in the medical than in the surgical subpopulation.

NOTE: Abbreviations: EWS, early warning scores; GMEWS, Global Modified Early Warning Score; KIRKL, Kirkland score; MEWS, Modified Early Warning Score; PPV, positive predictive value; RRT, rapid response team calling criteria; SD,
standard deviation; SEWS, Standardized Early Warning Scoring System; VIEWS, VitaPAC Early Warning Score; WRTH, Worthington physiologic scoring system.

were younger than 18 years; 2129 as psychiatric admissions;
284 as rehabilitation admissions; 872 as research purpos-
es-only admissions; and 1185 because the patient was never
in a general care bed (eg, they were either admitted directly
to the ICU, or they were admitted for an outpatient surgical
procedure and spent time in the postanesthesia care unit).

Table 1 summarizes patient and trigger characteristics,
overall and by subgroup. The final cohort included 75,240
total episodes in 46,366 hospitalizations, from 34,898 unique
patients, of which 48.7% were male. There were 23,831
medical and 22,535 surgical hospitalizations. Median length
of episode was 2 days both for medical and surgical patients.
Median length of stay was 3 days, both for medical and for
surgical patients.

There were 3332 events in total, of which 1709 were RRS
calls, 185 were resuscitation calls, and 1438 were unsched-
uled transfers to the ICU. The rate of events was 4.67 events
per 100 episodes in the aggregate adult population. There
were 3.93 events per 100 episodes for surgical hospitaliza-
tions, and 5.86 events per 100 episodes for medical hospi-
talizations (P < .001). The number of CRAs in our cohort
was 0.27 per 100 episodes, 0.128 per hospital bed per year, or
4.37 per 1000 hospital admissions, similar to other reported
numbers in the literature.* 22

The total number of EWS triggers varied greatly between
EWS rules, with the volume ranging during the study year
from 1363 triggers with the GMEWS rule to 77,711 triggers
with the ViEWS score.

All scores had PPVs less than 25%. As seen in Table 2
and shown graphically in the Figure, all scores performed
better on medical patients (blue) than on surgical patients
(yellow). The P value was < .0001 for both PPV and sensi-
tivity. The Worthing score had the highest sensitivity (0.78
for medical and 0.68 for surgical) but a very low PPV (0.04
for medical and 0.03 for surgical), while GMEWS was the
opposite: low sensitivity (0.10 and 0.07) but the highest
PPV (0.22 and 0.18).

Theresults of the univariable analysis can be seen in Table 3.
Most of the criteria performed better (higher sensitivity and
PPV) as predictors in the medical hospitalizations than in
the surgical hospitalizations.

DISCUSSION

We hypothesized that EWS may perform differently when
applied to medical rather than surgical patients. Studies had
not analyzed this in a time-dependent manner,?*?¢ which
limited the applicability of the results.®

All analyzed scores performed better in medical patients
than in surgical patients (Figure). This could reflect a behav-
ioral difference by the teams on surgical and medical floors
in the decision to activate the RRS, or a bias of the clini-
cians who designed the scores (mostly nonsurgeons). The
difference could also mean that physiological deteriorations
are intrinsically different in patients who have undergone
anesthesia and surgery. For example, in surgical patients, a
bleeding episode is more likely to be the cause of their phys-
iological deterioration, or the lingering effects of anesthesia
could mask underlying deterioration. Such patients would
benefit from scores where variables such as heart rate, blood
pressure, or hemoglobin had more influence.

When comparing the different scores, it was much easier
for a patient to meet the alerting score with the Worthing
score than with GMEWS. In the Worthing score, a respira-
tory rate greater than 22 breaths per minute, or a systolic
blood pressure less than 100 mm Hg, already meet alerting
criteria. Similar vital signs result in O and 1 points (respec-
tively) in GMEWS, far from its alerting score of 5. This re-
flects the intrinsic tradeoff of EWS: as the threshold for con-
sidering a patient “at risk” drops, not only does the number
of true positives (and the sensitivity) increase, but also the
number of false positives, thus lowering the PPV.

However, none of the scores analyzed were considered to
perform well based on their PPV and sensitivity, particularly
in the surgical subpopulation. Focusing on another metric,
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TABLE 3. Univariable analysis in the medical and
surgical subpopulations?

Sensitivity PPV
Criteria
Medical Surgical Medical Surgical

RR <8 0.018 0.036 0.019 0.030
RR <15 0.218 0.323 0.023 0.016
RR >20 0.621 0.511 0.048 0.045
RR >22 0.546 0.427 0.060 0.055
RR >25 0.414 0.308 0.085 0.079
RR >30 0.229 0.162 0.124 0.110
RR >35 0.137 0.097 0.162 0.133
HR <40 0.078 0.077 0.041 0.003
HR <50 0.131 0.138 0.027 0.026
HR >100 0.599 0.558 0.040 0.031
HR >110 0.478 0.413 0.061 0.046
HR >120 0.332 0.288 0.087 0.066
HR >130 0.229 0.187 0.118 0.088
HR >140 0.137 0.114 0.139 0.103
SBP <70 0.069 0.085 0.162 0.139
SBP <80 0.165 0.175 0111 0.092
SBP <90 0.290 0.290 0.057 0.048
SBP <100 0.432 0.421 0.031 0.025
SBP >180 0.078 0.091 0.042 0.054
SBP >200 0.034 0.027 0.085 0.090
SBP >220 0.011 0.008 0.131 0.107
Sp0, <88 0.408 0.353 0.054 0.034
Sp0, <90 0.522 0.452 0.043 0.028
Sp0, <91 0.590 0.514 0.037 0.025
Sp0, <92 0.657 0.605 0.031 0.022
Sp0, <94 0.795 0.786 0.023 0.018
Sp0, <95 0.844 0.848 0.020 0.016
Sp0, <96 0.905 0.909 0.019 0.015
Temp <34.5° 0.008 0.008 0.052 0.076
Temp <35° 0.018 0.013 0.044 0.048
Temp <35.5° 0.032 0.020 0.035 0.038
Temp >38° 0.151 0.110 0.069 0.066
Temp >38.5° 0.103 0.078 0.082 0.110
Temp >39° 0.070 0.050 0.095 0.142
Temp >40° 0.004 0.003 0.291 0.400
mRASS # 0 0.566 0.550 0.030 0.023
mRASS >1 or <-1 0.201 0.159 0.039 0.147
mRASS >2 or <-2 0.081 0.058 0.147 0.114
mRASS >3 or <-3 0.044 0.034 0.191 0.193

Table shows the sensitivity and positive predictive value in the following 24 hours after a patient meets each of
the criteria.

NOTE: Abbreviations: HR, heart rate (beats/minute); mRASS, modified Richmond Agitation Sedation Score (+4 to
-5); RR, respiratory rate (breaths/minute); PPV, positive predictive value; SBP, systolic blood pressure (mm Hg);
SpO,, peripheral oxygen saturation (%); temp, temperature (C).

0.25
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FIG. Performance of scores in medical and surgical patients.

NOTE: Abbreviations: GMEWS, Global Modified Early Warning Score; Kirkland, Kirkland score; med, medical;
MEWS, Modified Early Warning Score; NEWS 7, National Early Warning Score 7; RRT, rapid response team; SEWS,
Standardized Early Warning Scoring System; surg, surgical; VIEWS, VitaPAC Early Warning Score; Worthing,
Worthington physiologic scoring system.

the area under the receiver operator curve can give mis-
leadingly optimistic results.”**” However, the extremely low
prevalence of acute physiological deterioration can produce
low PPVs even when specificity seems acceptable, which is
why it is important to evaluate PPV directly.?®

To use EWS effectively to activate RRS, they need to be
combined with clinical judgment to avoid high levels of
false alerts, particularly in surgical patients. It has been re-
ported that RRS is activated only 30% of the time a patient
meets RRS calling criteria.?? While there may be cultural
characteristics inhibiting the decision to call,’® our study
hints at another explanation: if RRS was activated every
time a patient met calling criteria based on the scores an-
alyzed, the number of RRS calls would be very high and
difficult to manage. So health providers may be doing the
right thing when “filtering” RRS calls and not applying the
criteria strictly, but in conjunction with clinical judgment.

A limitation of any study like this is how to define “acute
physiological deterioration.” We defined an event as recog-
nized episodes of acute physiological deterioration that are
signaled by escalations of care (eg, RRS, resuscitation calls,
or transfers to an ICU) or unexpected death. By definition,
our calculated PPV is affected by clinicians’ recognition of
clinical deteriorations. This definition, common in the lit-
erature, has the limitation of potentially underestimating
EWS’ performance by missing some events that are resolved
by the primary care team without an escalation of care.
However, we believe our interpretation is not unreasonable
since the purpose of EWS is to trigger escalations of care in a
timely fashion. Prospective studies could define an event in
a way that is less affected by the clinicians’ judgment.

Regarding patient demographics, age was similar between
the 2 groups (average, 58.2 years for medical vs 58.9 years
for surgical), and there was only a small difference in gender
ratios (45.1% male in the medical vs 51.4% in the surgical
group). These differences are unlikely to have affected the
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results significantly, but unknown differences in demograph-
ics or other patient characteristics between groups may ac-
count for differences in score performance between surgical
and medical patients.

Several of the EWS analyzed had overlapping trigger
criteria with our own RRS activation criteria (although as
single-parameter triggers and not as aggregate). To test how
these potential biases could affect our results, we performed
a post hoc sensitivity analysis eliminating calls to the RRS as
an outcome (so using the alternative outcome of unexpected
transfers to the ICU and resuscitation calls). The results are
similar to those of our main analysis, with all analyzed scores
having lower sensitivity and PPV in surgical hospitalizations
when compared to medical hospitalizations.

Our study suggests that, to optimize detection of physi-
ological deterioration events, EWS should try to take into
account different patient types, with the most basic distinc-
tion being surgical vs medical. This tailoring will make EWS
more complex, and less suited for paper-based calculation,
but new electronic health records are increasingly able to in-
corporate decision support, and some EWS have been devel-
oped for electronic calculation only. Of particular interest in
this regard is the score developed by Escobar et al,’! which
groups patients into categories according to the reason for
admission, and calculates a different subscore based on that
category. While the score by Escobar et al. does not split pa-
tients based on medical or surgical status, a more general in-
terpretation of our results suggests that a score may be more
accurate if it classifies patients into subgroups with different
subscores. This seems to be confirmed by the fact that the
score by Escobar et al performs better than MEWS.?® Un-
fortunately, the paper describing it does not provide enough
detail to use it in our database.

A recent systematic review showed increasing evidence
that RRS may be effective in reducing CRAs occurring in
a non-ICU setting and, more important, overall inhospital
mortality.’> While differing implementation strategies (eg,
different length of the educational effort, changes in the
frequency of vital signs monitoring) can impact the suc-
cess of such an initiative, it has been speculated that the
afferent limb (which often includes an EWS) might be the
most critical part of the system.”> Our results show that the
most widely used EWS perform significantly worse on surgi-
cal patients, and suggest that a way to improve the accuracy
of EWS would be to tailor the risk calculation to different
patient subgroups (eg, medical and surgical patients). Plau-
sible next steps would be to demonstrate that tailoring risk
calculation to medical and surgical patients separately can
improve risk predictions and accuracy of EWS.

Disclosures: The authors report no financial conflicts of interest.
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Prognosticating with the Hospitalized-patient One-year Mortality Risk Score
Using Information Abstracted from the Medical Record
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BACKGROUND: Predicting death risk in patients with di-
verse conditions is difficult. The Hospitalized-patient One-
year Mortality Risk (HOMR) score accurately determines
death risk in adults admitted to hospital using health ad-
ministrative data unavailable to clinicians and most re-
searchers.

OBJECTIVE: Determine if HOMR is valid when calculated
using data abstracted directly from the medical record.

DESIGN: Medical record review linked to population-based
administrative data.

PARTICIPANTS: 4996 adults admitted in 2011 to a non-
psychiatric service at a tertiary hospital.

MAIN MEASURES: From the chart, we abstracted informa-
tion required to calculate the HOMR score and linked to
population-based mortality data to determine vital status
within 1 year of admission date.

KEY RESULTS: Patients had a mean age of 55.6 (standard

deviation [SD], 20.7) with 563 (11.3%) dying. The mean
chart HOMR score was 22 (SD, 12) and significantly predict-
ed death risk; a 1-point increase in HOMR increased death
odds by 19% (odds ratio, 1.192;, 95% confidence interval
[CI], 1.175-1.210;, P < 0.0001). Chart HOMR was strongly
discriminative ( C statistic 0.888) and well calibrated (Hos-
mer-Lemeshow goodness-of-fit test, 12.9; P = 0.11). The
observed death risk was strongly associated with expected
death risk (calibration slope, 1.02; 95% ClI, 0.89-1.16). No-
tation of delirium or falls on admitting notes or dependence
for at least 1 activity of daily living were each associated
with 1-year death risk independent of the HOMR score.

CONCLUSIONS: One-year mortality risk can be accurately
determined in adults admitted to hospital with the HOMR
score calculated using information abstracted from the
medical record. Patient functional status was independent-
ly associated with death risk. Journal of Hospital Medicine
2017;12:224-230. © 2017 Society of Hospital Medicine

A patient’s prognosis can strongly influence their medical
care. Decisions about diagnostic modalities, treatment op-
tions, and the use of preventive therapies can all be affected
by the likelihood of a patient’s death in the near future. For
example, patients with severely limited survival might fore-
go prophylactic therapy, avoid interventions for asymptom-
atic issues, and cease screening interventions. Knowing sur-
vival probability would also be very helpful as a controlling
variable in research analyses whenever death risk might be a
possible confounder.

Sixteen indices that aim to predict patient death risk
have been described by Yourman et al.! They were all cre-
ated from secondary analyses of clinical and administrative
datasets, were applicable to patients in a variety of settings
(including the community, nursing home, or hospital), and
predicted survival probabilities in time horizons ranging
from 6 months to 5 years. Prognostic factors that were most
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commonly included in these indices were comorbidity and
functional status. In validation populations, the discrimina-
tion of these indices for 1-year survival in hospitalized pa-
tients was moderate (with C statistics that ranged from 0.64
to 0.79) with good calibration for broad prognostic ranges.

In 2014, we published the Hospitalized-patient One-year
Mortality Risk (HOMR) score.? This study used health ad-
ministrative data for all adult Ontarians admitted in 2011 to
hospital under nonpsychiatric services (n = 640,022) to es-
timate the probability of dying within 1 year of admission to
hospital (which happened in 11.7% of people). The HOMR
score included 12 patient and hospitalization factors (Table
1). It was highly discriminative (C statistic, 0.923; [0.922-
0.924]) and well calibrated (the mean relative difference be-
tween observed and expected death risk was 2.0% [range,
0.0% to 7.0%]). It was externally validated in more than 3
million adults from Ontario, Alberta, and Boston in whom
the C statistic ranged from 0.89 to 0.92 and calibration
was excellent.” We concluded from these studies that the
HOMR score is excellent for prognosticating a diverse group
of patients using health administrative data.

However, we do not know whether the HOMR score can
be applied to patients using primary data (ie, those taken di-
rectly from the chart). This question is important for 2 rea-
sons. First, if HOMR accurately predicts death risk using data
abstracted from the medical record, it could be used in the
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TABLE 1. Hospital-patient One-year Mortality Risk (HOMR) Scoring System?

Variable Value Points Variable Value Points
Sex Female 0 ED visits in previous yr 0 0
Male 1 1+ 1
Home oxygen No 0 Admits by ambulance® 0 0
Yes 4 1 3
Diagnostic risk score” Same 2 4
3+ 5
Service General medicine 10 Service General surgery 8
Cardiology 8 Cardiovascular surgery 9
Gl/nephrology/neurology 9 Neurosurgery 10
Palliative care 28 Orthopedic, plastic surgery 7
Hematology/oncology 14 Thoracic/transplant 7
Ante-, intra-, postpartum 0 Trauma 8
Gynecology 7 Urology 6
Variable Level Points
Charlson Comorbidity Index
0 1 2 3 4 5 6
Age 20-24.9 0 3 5 7 8 9 10
25-29.9 2 5 7 9 10 1 11
30-34.9 4 7 9 il 12 12 13
35-39.9 7 9 11 12 13 14 15
40-44.9 8 " 13 14 15 15 16
45-49.9 10 13 14 15 16 17 17
50-54.9 12 14 16 17 17 18 18
55-59.9 14 16 17 18 19 19 20
60-64.9 15 17 18 19 20 20 21
65-69.9 17 19 20 21 21 22 22
70-74.9 18 20 21 22 22 23 23
75-79.9 20 21 22 23 23 24 24
80-84.9 21 23 23 24 24 25 25
85-89.9 23 24 25 25 25 26 26
90-94.9 24 25 26 26 26 27 27
95+ 25 26 27 27 27 28 28
Variable Level Points
Admissions by ambulance”
0 1 2 3+
Living status Independent 0 0 0 0
Rehabilitation 3 3 2 2
Home care 4 3 3 3
Nursing home 4 4 4 3
Chronic hospital 8 6 5 5
Admission urgency Elective 0 0 0 0
ED, no ambulance 3 1 0 0
ED, ambulance 5 2 1 0

To calculate the HOMR score for a particular patient, add the points associated with their values for all 12 variables above. For example, a previously healthy (1 point) 51-year-old male with no significant comorbidities (12 points)

admitted to cardiology (8 points) through the ED by ambulance (5 points) with cardiac arrest (12 points, Appendix 2) would have a HOMR score of 42. This has an expected risk of death in 1 year of 46.2% (Appendix 1).

“See Appendix 2 for admission diagnoses and their associated diagnostic risk score.

“In the last year.

NOTE: Abbreviations: ED, emergency department; Gl, gastrointestinal; HOMR, hospitalized-patient one-year mortality risk.
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clinical setting to assist in clinical decision-making. Second,
HOMR uses multiple administrative datasets that are diffi-
cult to access and use by most clinical researchers; it is, there-
fore, important to determine if HOMR is accurate for clinical
research based on primary medical record review. The pri-
mary objective of this study was to determine the accuracy
of the HOMR score when calculated using data abstracted
from clinical notes that were available when patients were
admitted to hospital. Secondary objectives included deter-
mining whether functional measures abstracted were signifi-
cantly associated with death risk beyond the HOMR score
and whether HOMR scores calculated from chart review de-
viated from those calculated from administrative data.

METHODS

Study Cohort

The study, which was approved by our local research ethics
board, took place at the Ottawa Hospital, a 1000-bed teach-
ing hospital that is the primary referral center in our region.
We used the hospital admission registry to identify all people
18 years or older who were admitted to a nonpsychiatric ser-
vice at our hospital between January 1, 2011 and December
31, 2011 (this time frame corresponds with the year used to
derive the HOMR score). We excluded overnight patients
in the same-day surgery or the bone-marrow transplant units
(since they would not have been included in the original
study) and those without a valid health card number (which
was required to link to provincial data to identify outcomes).
From this list, we randomly selected 5000 patients.

Primary Data Collection
For each patient, we retrieved all data required to calculate
the HOMR score from the medical record (Table 1). Patient
registration information in our electronic medical record was
used to identify patient age, sex, admitting service, number
of emergency department (ED) visits in the previous year,
number of admissions in the previous year (the nursing tri-
age note was reviewed for each admission to determine if it
was by ambulance), and whether or not the patient had been
discharged from hospital in the previous 30 days. The admit-
ting service consult note was used to determine the admit-
ting diagnosis and whether or not the patient was admitted
directly to the intensive care unit. If they were present, the
emergency nursing triage note, the ED record of treatment,
the admission consult note, the pre-operative consult note,
and consult notes were all used to determine the patient’s
comorbidities, living status, and home oxygen status. Ad-
mission urgency was determined using information from the
patient registration information and the ED nursing triage
note. All data were abstracted from information that had
been registered prior to when the patient was physically
transferred to their hospital bed. This ensured that we used
only data available at the start of the admission.

Patient functional status has been shown to be strongly as-
sociated with survival* but HOMR only indirectly captures
functional information (through the patient’s living status).

We, therefore, collected more detailed functional information
from the medical record by determining if the patient was
dependent for any activities of daily living (ADL) from the
emergency nursing triage note, the ED record of treatment,
the admission consult note, and the pre-operative consulta-
tion. We also collected information that might indicate frail-
ty, which we defined per Clegg et al.’ as “a state of increased
vulnerability to poor resolution of homeostasis following a
stress.” This information included: delirium or more than 1
fall recorded on the emergency nursing triage note, the ED
record of treatment, or the admission consultation note; or
whether a geriatric nursing specialist assessment occurred in
the ED in the previous 6 months. Finally, we recorded possible
indicators of limited social support (no fixed address [from pa-
tient registration and nursing triage note], primary contact is
not a family member [from the emergency notes, consult, and
patient registration], and no religion noted in system [from
patient registration]). Patients for whom religion status was
missing were classified as having “no religion.”

Analysis

These data were encrypted and linked anonymously to pop-
ulation-based databases to determine whether patients died
within 1 year of admission to hospital. We calculated the
chart-HOMR score using information from the chart review
and determined its association with the outcome using bivar-
iate logistic regression. We compared observed and expected
risk of death within 1 year of admission to hospital for each
chart: HOMR score value, with expected risks determined
from the external validation study.’> We regressed observed
death risks on expected death risks for chart-HOMR scores
(clustered into 22 groups to ensure adequate numbers in each
group); and we gauged overall deviations from expected risk
and the relationship between the observed and expected
death risk (based on the chart-HOMR score) using the line’s
intercept and slope, respectively.® Next, we replicated meth-
ods from our studies?’ to calculate the administrative-HOMR
score in our study cohort using administrative databases. We
compared these chart:HOMR and administrative-HOMR
scores (and scores for each of its components). Finally, we
determined which of the socio-functional factors were associ-
ated with 1-year death risk independent of the chart-t HOMR
score. We used the likelihood ratio test to determine wheth-
er these additional socio-functional factors significantly im-
proved the model beyond the chart-HOMR score.” This test
subtracted the -2 logL value of the full model from that con-
taining the chart-HOMR score alone, comparing its value to
the »? distribution (with degrees of freedom equivalent to the
number of additional parameters in the nested model) to de-
termine statistical significance. All analyses were completed

using SAS v9.4 (SAS Institute Inc., Cary, North Carolina).

RESULTS

There were 43,883 overnight hospitalizations at our hos-
pital in 2011, and 38,886 hospitalizations were excluded:
1883 hospitalizations were in the same-day surgery or the
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TABLE 2. Description of Study Cohort by 1-Year Death Status

Dead Within 1 Year of Admission Overall
n= 443,)\13? 88.7%) n= 5626,81 1.3%) (N = 499)
HOMR variables
Mean age (SD) Mean + SD 53.1£20.0 755+135 55.6 +20.7
Male Male 1709 (38.6%) 279 (49.6%) 1988 (39.8%)
Living status Independent 4317 (97.4%) 466 (82.8%) 4783 (95.7%)
Rehab facility <5(0.1%) <5 (0.2%) <5(0.1%)
Home with home care 59 (1.3%) 37 (6.6%) 96 (1.9%)
Nursing home 45 (1.0%) 53 (9.4%) 98 (2.0%)
Chronic hospital 9(0.2%) 6 (1.1%) 15 (0.3%)
Charlson Comorbidity Index 0 2743 (61.9%) 80 (14.2%) 2823 (56.5%)
1 876 (19.8%) 187 (33.2%) 1063 (21.3%)
2-3 449 (10.1%) 101 (17.9%) 550 (11.0%)
4-5 218 (4.9%) 86 (15.3%) 304 (6.1%)
6+ 147 (3.3%) 109 (19.4%) 256 (5.1%)
Home oxygen 8(0.2%) 9 (1.6%) 17 (0.3%)
ED visits® 0 3450 (77.8%) 353 (62.7%) 3803 (76.1%)
1 568 (12.8%) 106 (18.8%) 674 (13.5%)
2 415 (9.4%) 104 (18.5%) 519 (10.4%)
Admissions by ambulance® 0 4343 (98.0%) 510 (90.6%) 4853 (97.1%)
1+ 90 (2.0%) 53 (9.4%) 143 (2.9%)
Urgent 30-day readmission 145 (3.3%) 65 (11.5%) 210 (4.2%)
Admission urgency Elective 2364 (53.3%) 64 (11.4%) 2428 (48.6%)
Emergent, no ambulance 878 (19.8%) 120 (21.3%) 998 (20.0%)
Emergent, by ambulance 1191 (26.9%) 379 (67.3%) 1570 (31.4%)
Admitted directly to ICU 68 (1.5%) 55 (9.8%) 123 (2.5%)
Admission diagnosis points <0 1457 (32.9%) 157 (27.9%) 1614 (32.3%)
0 2301 (51.9%) 118 (21.0%) 2419 (48.4%)
1+ 675 (15.2%) 288 (51.1%) 963 (19.3%)
Mean HOMR score (SD) 19.9(12.2) 37.4(7.5) 21.9(13.0)
Additional socio-functional variables
Delirium noted on admission 58 (1.3%) 55 (9.8%) 113 (2.3%)
Geriatrics consult in ED 46 (1.0%) 13 (2.3%) 59 (1.2%)
Falls noted on admission 88 (2.0%) 56 (9.9%) 144 (2.9%)
‘No fixed address’ listed as current domicile 7(0.2%) 0(0.0%) 7(0.1%)
No religion noted on patient’s hospital registration 1948 (43.9%) 224 (39.8%) 2172 (43.5%)
Primary contact is a family member 4103 (92.6%) 516 (91.7%) 4619 (92.5%)
Dependent for any ADL® 52 (1.2%) 53 (9.4%) 105 (2.1%)
Any frailty indicator® 183 (4.1%) 137 (24.3%) 320 (6.4%)

“n year prior to admission.
®Includes ambulation, feeding, bathing, dressing, and elimination.
“Patient had delirium or falls noted on admitting note or was dependent for any of the 5 ADL.

NOTE: Abbreviations: ADL, activities of daily living; ED, emergency department; HOMR, hospitalized-patient one-year mortality risk; ICU, intensive care unit; SD, standard deviation.
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FIG. 1. Observed vs. expected 1-year death risk. The observed risk of

death within 1 year of admission to hospital (vertical axis) is plotted against the
expected 1-year death risk (horizontal axis). Expected 1-year death risk was
determined from the patient’s chart-HOMR score (Table 1 and Appendix 1).
Observed risks are presented with 95% exact Cls so they can be compared to
unity (dashed line); data points whose Cls exclude unity indicate a group whose
observed risk deviates significantly from expected risk. The calibration line (solid
line) has a significant positive intercept (0.035; 95% Cl, 0.01-0.06) indicating
that observed risk significantly exceeded predicted risk; however, the line’s slope
(1.02; 95% Cl, 0.91-1.12) does not deviate significantly from 1 (indicating a con-
sistent relationship between the expected death risk, based on the chart-HOMR
score, and the observed risk).

NOTE: Abbreviations: Cl, confidence interval; HOMR, hospitalized-patient one-year mortality risk.

bone-marrow transplant unit; 2485 did not have a valid
health card number; 34,515 were not randomly selected; the
records of 3 randomly selected patients had been blocked by
our hospital’s privacy department; and 1 patient could not
be linked with the population-based administrative data-
sets.

The 4996 study patients were middle-aged and predomi-
nantly female (Table 2). The extensive majority of patients
was admitted from the community, was independent for
ADL, had a family member as the principal contact, and
had no admissions by ambulance in the previous year. Most
people had no significant comorbidities or ED visits in the
year prior to their admission. The mean chart-HOMR score
was 22 (standard deviation [SD], 12), which is associated
with a 1.2% expected risk of death within 1 year of hospital
admission (Appendix 1).}

A total of 563 patients (11.3%) died within 1 year of
admission to hospital (Table 2). In the study cohort, each
chart-HOMR component was associated with death status.
People who died were older, more likely to be male, had a
greater number of important comorbidities, had more ED
visits and admissions by ambulance in the previous year, and
were more likely to have been discharged in the previous 30
days, and were admitted urgently, directly to the intensive
care unit, or with complicated diagnoses. The mean chart-
HOMR score differed extensively by survival status (37.4
[SD, 7.5] in those who died vs. 19.9 [SD, 12.2] in those who

FIG. 2. HOMR-score values using data from medical record review and health
administrative databases. This plot demonstrates differences in HOMR scores
(and its components) when calculated using data from the chart or from health
administrative databases. Each data point presents the mean difference for
4898 patients along with its 95% Cl with data points with values below O,
indicating that HOMR scores were lower when calculated using information from
the chart vs. information from the database. Point estimates whose 95% Cl
exclude O (vertical line) are statistically significant at an alpha level of 5%.

NOTE: Abbreviations: Cl, confidence interval; ED, emergency department; HOMR, hospitalized-patient one-year
mortality risk; ICU, intensive care unit.

survived). Three of the socio-functional variables (delirium
and falls noted on admission documents, and dependent for
any ADL) also varied with death status.

The chart-HOMR score was strongly associated with the
likelihood of death within 1 year of admission. When in-
cluded in a logistic regression model having 1-year death as
the outcome, a l-point increase in the chart-HOMR score
was associated with a 19% increase in the odds of death (P <
0.0001). This model (with only the chart-HOMR score) was
highly discriminative (C statistic, 0.888) and well calibrated
(Hosmer-Lemeshow test, 12.9 [8 df, P = 0.11]).

Observed and expected death risks by chart-HOMR score
were similar (Figure 1). The observed total number of deaths
(n = 563; 11.3%) exceeded the expected number of deaths
(n=437,8.7%). When we regressed observed death risks on
expected death risks for chart- HOMR scores (clustered into
22 groups), the Hosmer-Lemeshow test was significant, indi-
cating that differences between observed and expected risks
were beyond that expected by chance (Hosmer-Lemeshow
test, 141.9, 21 df, P < 0.0001). The intercept of this model
(0.035; 95% CI, 0.01-0.06) was statistically significant (P =
0.01), indicating that the observed number of cases signifi-
cantly exceeded the expected; however, its calibration slope
(1.02; 95% CI, 0.89-1.16) did not deviate significantly from
unity, indicating that the relationship between the observed
and expected death risk (based on the chart-HOMR score)

remained intact (Figure 1).
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The deviations between observed and expected death
risks reflected deviations between the ¢ chart-HOMR score
and the administrative-HOMR score, with the former being
significantly lower than the latter (Figure 2). Overall, the
chart-HOMR score was 0.96 points lower (95% CI, 0.81-
1.12) than the administrative-HOMR score. The HOMR
score components that were notably underestimated using
chart data included those for the age-Charlson Comorbidity
Index interaction, living status, and admit points. Points for
only 2 components (admitting service and admission urgen-
cy) were higher when calculated using chart data.

Four additional socio-functional variables collected from
medical record review were significantly associated with
1-year death risk independent of the chart-HOMR score (Ta-
ble 3). Admission documentation noting either delirium or
falls were both associated with a significantly increased death
risk (adjusted odds ratio [OR], 1.92 [95% CI, 1.24-2.96] and
OR 1.96[95% CI, 1.29-2.99], respectively). An independent-
ly increased death risk was also noted in patients who were
dependent for any ADL (adjusted OR, 1.99 [95% CI, 1.24-
3.19]). The presence of an ED geriatrics consultation within
the previous 6 months was associated with a significantly de-
creased death risk of 60% (adjusted OR, 0.40 [95% CI, 0.20-
0.81]). Adding these covariates to the logistic model with
the chart-HOMR score significantly improved predictions
(likelihood ratio statistic = 33.569, 4df, P < 0.00001).

DISCUSSION
In a large random sample of patients from our hospital, we
found that the HOMR score using data abstracted from the
medical record was significantly associated with 1-year death
risk. The expected death risk based on the chart:HOMR
score underestimated observed death risk but the relationship
between the chart- HOMR score and death risk was similar to
that in studies using administrative data. The HOMR score
calculated using data from the chart was lower than that
calculated using data from population-based administrative
datasets; additional variables indicating patient frailty were
significantly associated with 1-year death risk independent of
the chart- HOMR score. Since the HOMR score was derived
and initially validated using health administrative data, this
study using data abstracted from the health record shows that
the HOMR score has methodological generalizability.®

We think that our study has several notable findings. First,
we found that data abstracted from the medical record can
be used to calculate the HOMR score to accurately predict
individual death risk. The chart-HOMR score discrimi-
nated very well between patients who did and did not die
(C statistic, 0.88), which extensively exceeds the discrim-
ination of published death risk indices (whose C statistics
range between 0.69 and 0.82). It is also possible that chart
abstraction for the HOMR score—without functional sta-
tus—is simpler than other indices since its components are
primarily very objective. (Other indices for hospital-based
patients required factors that could be difficult to abstract
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TABLE 3. Association of Additional Socio-functional
Variables on 1-Year Death Risk?

Socio-functional Variable

Association of Variable With 1-year Death Risk,
Odds Ratio (95% Cl)

With chart With chart HOMR and other
HOMR socio-functional variables

Delirium noted on admission 2.10(1.38,3.21) 1.92 (1.24, 2.96)
Geriatrics consult in ED 0.52 (0.26, 1.03) 0.40 (0.20, 0.81)
Falls noted on admission 1.81(1.21,2.70) 1.96 (1.29, 2.99)
No religion noted on patient's 1.18 (0.95, 1.46) 1.19(0.96, 1.47)
hospital registration

Primary contact is a family member ~ 0.85 (0.58, 1.24) 0.88 (0.60, 1.28)
Dependent for any ADL® 2.11(1.32, 3.36) 1.99 (1.24,3.19)

“The association of each variable with 1-year death risk after adjusting for chart-HOMR score is presented

as adjusted odds ratios (with 95% confidence intervals in parentheses). The first result column (‘With chart
HOMR') presents results for logistic models having only chart-HOMR score and the socio-functional variable;
the second result column (‘With chart HOMR and other variables’) presents results having chart HOMR and all
socio-functional variables. No results are presented for the socio-functional variable “No fixed address listed as
current domicile” since its parameter estimate could not be estimated likely because this condition was very
infrequent (Table 2).

bIncludes ambulation, feeding, bathing, dressing, and elimination.

NOTE: Abbreviations: ADL, activities of daily living; ED, emergency department; HOMR, hospitalized-patient
one-year mortality risk.

reliably from the medical record including meeting more
than 1 guideline for noncancer hospice care’; ambula-
tion difficulties'®; scales such as the Exton-Smith Scale or
the Short Portable Mental Status Questionnaire!!; weight
loss'?; functional status*; and pressure sore risk."?) Although
expected risks for the chart:HOMR consistently underes-
timated observed risks (Figure 1), the mean deviation was
small (with an absolute difference of 3.5% that can be used
as a correction factor when determining expected risks with
HOMR scores calculated from chart review), but it was an
association between the chart-HOMR score and death risk
that remained consistent through the cohort. Second, we
found a small but significant decrease in the chartt HOMR
score vs. the administrative-HOMR score (Figure 2). Some
of these underestimates such as those for the number of
ED visits or admissions by ambulance were expected since
population-based health administrative databases would
best capture such data. However, we were surprised that the
comorbidity score was less when calculated using chart vs.
database data (Figure 2). This finding is distinct from studies
finding that particular comorbidities are documented in the
chart are sometimes not coded.'*"> However, we identified
comorbidities in the administrative databases using a 1-year
‘look-back’ period so that diagnostic codes from multiple
hospitalizations (and from multiple hospitals) could be used
to calculate the Charlson Comorbidity Index for a particular
patient; this has been shown to increase the capture of co-
morbidities.'® Third, we found that variables from the chart
review indicating frailty were predictive of 1-year death risk
independent of the chart-HOMR score (Table 2). This il-
lustrates that mortality risk prediction can be improved for
particular patient groups by adding new covariates to the
HOMR. Further work is required to determine how to incor-
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porate these (and possibly other) covariates into the HOMR
to create a unique chart-HOMR score. Finally, we found
that a geriatrics assessment in the ED was associated with a
significant (and notable) decrease in death risk. With these
data, we are unable to indicate whether this association is
causative. However, these findings indicate that the influ-
ence of emergency geriatric assessments on patient survival
needs to be explored in more detail.

Several issues about our study should be considered when
interpreting its results. First, this was a single-center study
and the generalizability of our results to other centers is un-
known. However, our study had the largest sample size of all
primary data prognostic index validation studies! ensuring
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BACKGROUND: Venous thromboembolism (VTE) risk scores
assist providers in determining the relative benefit of prophy-
laxis for individual patients. While automated risk calculation
using simpler electronic health record (EHR) data is feasible, it
lacks clinical nuance and may be less predictive. Automated
calculation of the Padua Prediction Score (PPS), requiring more
complex input such as recent medical events and clinical sta-
tus, may save providers time and increase risk score use.

OBJECTIVE: We developed the Automated Padua Predic-
tion Score (APPS) to auto-calculate a VTE risk score using
EHR data drawn from prior encounters and the first 4 hours
of admission. We compared APPS to standard practice of
clinicians manually calculating the PPS to assess VTE risk.

DESIGN: Cohort study of 30,726 hospitalized patients. APPS
was compared to manual calculation of PPS by chart review
from 300 randomly selected patients.

MEASUREMENTS: Prediction of hospital-acquired VTE not
present on admission.

RESULTS: Compared to manual PPS calculation, no significant
difference in average score was found (5.5 vs. 5.1, P = 0.073),
and area under curve (AUC) was similar (0.79 vs. 0.76). Hos-
pital-acquired VTE occurred in 260 (0.8%) of 30,726 patients.
Those without VTE averaged APPS of 4.9 (standard deviation
[SD], 2.6) and those with VTE averaged 7.7 (SD, 2.6). APPS had
AUC = 0.81 (confidence interval [CI], 0.79-0.83) in patients re-
ceiving no pharmacologic prophylaxis and AUC = 0.78 (Cl, 0.76-
0.82) in patients receiving pharmacologic prophylaxis.

CONCLUSION: Automated calculation of VTE risk had sim-
ilar ability to predict hospital-acquired VTE as manual cal-
culation despite differences in how often specific scoring
criteria were considered present by the 2 methods. Journal
of Hospital Medicine 2017;12:231-237. © 2017 Society of
Hospital Medicine

Hospital-acquired venous thromboembolism (VTE) contin-
ues to be a critical quality challenge for U.S. hospitals,' and
high-risk patients are often not adequately prophylaxed. Use
of VTE prophylaxis (VTEP) varies as widely as 26% to 85%
of patients in various studies, as does patient outcomes and
care expenditures.”® The 9th edition of the American Col-
lege of Chest Physicians (CHEST) guidelines’ recommend
the Padua Prediction Score (PPS) to select individual pa-
tients who may be at high risk for venous thromboembolism
(VTE) and could benefit from thromboprophylaxis. Use of
the manually calculated PPS to select patients for throm-
boprophylaxis has been shown to help decrease 30-day and
90-day mortality associated with VTE events after hospi-
talization to medical services.® However, the PPS requires
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time-consuming manual calculation by a provider, who may
be focused on more immediate aspects of patient care and
several other risk scores competing for his attention, poten-
tially decreasing its use.

Other risk scores that use only discrete scalar data, such
as vital signs and lab results to predict early recognition of
sepsis, have been successfully automated and implemented
within electronic health records (EHRs).*!! Successful auto-
mation of scores requiring input of diagnoses, recent medical
events, and current clinical status such as the PPS remains
difficult.!? Data representing these characteristics are more
prone to error, and harder to translate clearly into a single
data field than discrete elements like heart rate, potential-
ly impacting validity of the calculated result.”® To improve
usage of guideline based VTE risk assessment and decrease
physician burden, we developed an algorithm called Auto-
mated Padua Prediction Score (APPS) that automatically
calculates the PPS using only EHR data available within
prior encounters and the first 4 hours of admission, a similar
timeframe to when admitting providers would be entering
orders. Our goal was to assess if an automatically calcu-
lated version of the PPS, a score that depends on criteria
more complex than vital signs and labs, would accurately
assess risk for hospital-acquired VTE when compared to
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traditional manual calculation of the Padua Prediction
Score by a provider.

METHODS

Site Description and Ethics

The study was conducted at University of California, San
Francisco Medical Center, a 790-bed academic hospital; its
Institutional Review Board approved the study and collec-
tion of data via chart review. Handling of patient informa-

tion complied with the Health Insurance Portability and
Accountability Act of 1996.

Patient Inclusion

Adult patients admitted to a medical or surgical service be-
tween July 1, 2012 and April 1, 2014 were included in the
study if they were candidates for VTEP, defined as: length
of stay (LOS) greater than 2 days, not on hospice care,
not pregnant at admission, no present on admission VTE
diagnosis, no known contraindications to prophylaxis (eg,
gastrointestinal bleed), and were not receiving therapeutic
doses of warfarin, low molecular weight heparins, heparin,
or novel anticoagulants prior to admission.

Data Sources

Clinical variables were extracted from the EHR’s enterprise
data warehouse (EDW) by SQL Server query (Microsoft,
Redmond, Washington) and deposited in a secure database.
Chart review was conducted by a trained researcher (Mr.
Jacolbia) using the EHR and a standardized protocol. Find-
ings were recorded using REDCap (REDCap Consortium,
Vanderbilt University, Nashville, Tennessee). The specific
ICD-9, procedure, and lab codes used to determine each cri-
terion of APPS are available in the Appendix.

Creation of the Automated Padua Prediction Score (APPS)
We developed APPS from the original 11 criteria that com-
prise the Padua Prediction Score: active cancer, previous
VTE (excluding superficial vein thrombosis), reduced mo-
bility, known thrombophilic condition, recent (I month
or less) trauma and/or surgery, age 70 years or older, heart
and/or respiratory failure, acute myocardial infarction and/
or ischemic stroke, acute infection and/or rheumatologic
disorder, body mass index (BMI) 30 or higher, and ongoing
hormonal treatment.”® APPS has the same scoring method-
ology as PPS: criteria are weighted from 1 to 3 points and
summed with a maximum score of 20, representing highest
risk of VTE. To automate the score calculation from data
routinely available in the EHR, APPS checks pre-selected
structured data fields for specific values within laboratory
results, orders, nursing flowsheets and claims. Claims data
included all ICD-9 and procedure codes used for billing
purposes. If any of the predetermined data elements are
found, then the specific criterion is considered positive;
otherwise, it is scored as negative. The creators of the PPS
were consulted in the generation of these data queries to
replicate the original standards for deeming a criterion pos-

itive. The automated calculation required no use of natural
language processing.

Characterization of Study Population

We recorded patient demographics (age, race, gender, BMI),
LOS, and rate of hospital-acquired VTE. These patients were
separated into 2 cohorts determined by the VTE prophylax-
is they received. The risk profile of patients who received
pharmacologic prophylaxis was hypothesized to be inher-
ently different from those who had not. To evaluate APPS
within this heterogeneous cohort, patients were divided into
2 major categories: pharmacologic vs. no pharmacologic pro-
phylaxis. If they had a completed order or medication admin-
istration record on the institution’s approved formulary for
pharmacologic VTEP, they were considered to have received
pharmacologic prophylaxis. If they had only a completed or-
der for usage of mechanical prophylaxis (sequential compres-
sion devices) or no evidence of any form of VTEP, they were
considered to have received no pharmacologic prophylaxis.
Patients with evidence of both pharmacologic and mechan-
ical were placed in the pharmacologic prophylaxis group. To
ensure that automated designation of prophylaxis group was
accurate, we reviewed 40 randomly chosen charts because
prior researchers were able to achieve sensitivity and speci-
ficity greater than 90% with that sample size.!

The primary outcome of hospital-acquired VTE was defined
as an [CD-9 code for VTE (specific codes are found in the Ap-
pendix) paired with a “present on admission = no” flag on that
encounter’s hospital billing data, abstracted from the EDW. A
previous study at this institution used the same methodology
and found 212/226 (94%) of patients with a VTE ICD-9 code
on claim had evidence of a hospital-acquired VTE event upon
chart review."* Chart review was also completed to ensure that
the primary outcome of newly discovered hospital-acquired
VTE was differentiated from chronic VTE or history of VTE.
Theoretically, ICD-9 codes and other data elements treat
chronic VTE, history of VTE, and hospital-acquired VTE as
distinct diagnoses, but it was unclear if this was true in our
dataset. For 75 randomly selected cases of presumed hospi-
tal-acquired VTE, charts were reviewed for evidence that con-
firmed newly found VTE during that encounter.

Validation of APPS through Comparison

to Manual Calculation of the Original PPS

To compare our automated calculation to standard clinical
practice, we manually calculated the PPS through chart review
within the first 2 days of admission on 300 random patients,
a subsample of the entire study cohort. The largest study we
could find had manually calculated the PPS of 1,080 hospi-
talized patients with a mean PPS of 4.86 (standard deviation
[SD], 2.26)." One researcher (Mr. Jacolbia) accessed the EHR
with all patient information available to physicians, including
admission notes, orders, labs, flowsheets, past medical history,
and all prior encounters to calculate and record the PPS. To
limit potential score bias, 2 authors (Drs. Elias and Davies)
assessed 30 randomly selected charts from the cohort of 300.
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The standardized chart review protocol mimicked a physi-
cian’s approach to determine if a patient met a criterion, such
as concluding if he/she had active cancer by examining med-
ication lists for chemotherapy, procedure notes for radiation,
and recent diagnoses on problem lists. After the original PPS
was manually calculated, APPS was automatically calculated
for the same 300 patients. We intended to characterize simi-
larities and differences between APPS and manual calculation
prior to investigating APPS’ predictive capacity for the entire
study population, because it would not be feasible to manually

calculate the PPS for all 30,726 patients.

Statistical Analysis

For the 75 randomly selected cases of presumed hospital-ac-
quired VTE, the number of cases was chosen by powering
our analysis to find a difference in proportion of 20% with
90% power, a = 0.05 (two-sided). We conducted y* tests on
the entire study cohort to determine if there were signifi-
cant differences in demographics, LOS, and incidence of
hospital-acquired VTE by prophylaxis received. For both
the pharmacologic and the no pharmacologic prophylaxis
groups, we conducted 2-sample Student t tests to determine
significant differences in demographics and LOS between
patients who experienced a hospital-acquired VTE and
those who did not.

For the comparison of our automated calculation to
standard clinical practice, we manually calculated the PPS
through chart review within the first 2 days of admission on
a subsample of 300 random patients. We powered our anal-
ysis to detect a difference in mean PPS from 4.86 to 4.36,
enough to alter the point value, with 90% power and o =
0.05 (two-sided) and found 300 patients to be comfortably
above the required sample size. We compared APPS and
manual calculation in the 300-patient cohort using: 2-sam-
ple Student t tests to compare mean scores, x* tests to com-
pare the frequency with which criteria were positive, and re-
ceiver operating characteristic (ROC) curves to determine
capacity to predict a hospital-acquired VTE event. Pearson’s
correlation was also completed to assess score agreement be-
tween APPS and manual calculation on a per-patient basis.
After comparing automated calculation of APPS to man-
ual chart review on the same 300 patients, we used APPS
to calculate scores for the entire study cohort (n = 30,726).
We calculated the mean of APPS by prophylaxis group and
whether hospital-acquired VTE had occurred. We analyzed
APPS’ ROC curve statistics by prophylaxis group to deter-
mine its overall predictive capacity in our study population.
Lastly, we computed the time required to calculate APPS per
patient. Statistical analyses were conducted using SPSS Sta-
tistics (IBM, Armonk, New York) and Python 2.7 (Python
Software Foundation, Beaverton, Oregon); 95% confidence
intervals (CI) and (SD) were reported when appropriate.

RESULTS
Among the 30,726 unique patients in our entire cohort (all
patients admitted during the time period who met the study

Automating Venous Thromboembolism Risk Calculation | Elias et al

TABLE 1. Distribution of Patient Characteristics in
Cohort

No Pharmacologic Pharmacologic
Prophylaxis Prophylaxis P value
(n=24,152) (n=6574)
Race or Ethnicity (%) 0.001
White 13,765 (57.0) 3652 (55.6)
Hispanic or Latino 3766 (15.6) 908 (13.8)
Asian 3072 (12.7) 993 (15.1)
Black or African American 1685 (7.0) 745 (11.3)
Other/declined 1447 (6.0) 140 (2.1)
Pacific Islander 319(1.3) 103 (1.6)
American Indian 98 (0.4) 33(0.5
Male (%) 10,236 (42.4) 3327 (50.6) <0.001
Age (SD) 532 (17.7) 62.7 (17.1) <0.001
BMI (SD) 27.76.7) 27.3(7.4) <0.001
LOS, d (SD) 9.8(11.8) 7.1(10.1) <0.001
Hospital-acquired VTE (%) 113(0.5) 147 (2.2) <0.001

NOTE: Abbreviations: BMI, body mass index; LOS, length of stay; SD, standard deviation; VTE, venous
thromboembolism.

criteria), we found 6574 (21.4%) on pharmacologic (with
or without mechanical) prophylaxis, 13,511 (44.0%) on
mechanical only, and 10,641 (34.6%) on no prophylaxis. y*
tests found no significant differences in demographics, LOS,
or incidence of hospital-acquired VTE between the patients
who received mechanical prophylaxis only and those who
received no prophylaxis (Table 1). Similarly, there were
no differences in these characteristics in patients receiving
pharmacologic prophylaxis with or without the addition of
mechanical prophylaxis. Designation of prophylaxis group
by manual chart review vs. our automated process was found
to agree in categorization for 39/40 (97.5%) sampled en-
counters. When comparing the cohort that received phar-
macologic prophylaxis against the cohort that did not, there
were significant differences in racial distribution, sex, BMI,
and average LOS as shown in Table 1. Those who received
pharmacologic prophylaxis were found to be significantly
older than those who did not (62.7 years versus 53.2 years,
P < 0.001), more likely to be male (50.6% vs, 42.4%, P <
0.001), more likely to have hospital-acquired VTE (2.2% vs.
0.5%, P < 0.001), and to have a shorter LOS (7.1 days vs.
9.8, P < 0.001).

Within the cohort group receiving pharmacologic pro-
phylaxis (n = 6574), hospital-acquired VTE occurred in pa-
tients who were significantly younger (58.2 years vs. 62.8
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TABLE 2. Comparison of APPS to Manual Calculation
of PPS

Manual
Calculation APPS
(n = 300) (n = 300) P

Score criteria (%)

Active cancer® 96 (32.0) 39 (13.0) <0.001

Prior VTE® 25(8.3) 48 (16.0) <0.001

Reduced mobility® 198 (66.0) 223 (74.3) <0.001

Thrombophilia® 0 17.(6.7) <0.001

Recent trauma or surgery? 163 (54.3) 117 (39.0) <0.001

Age >70y' 76 (25.3) 77 (25.7) 0.655

Heart or respiratory failure’ 27 (9.0) 66 (22.0) <0.001

Acute Ml/stroke’ 16 (5.3) 54 (18.0) <0.001

Acute infection/rheumatic flare’ 75 (25.0) 57 (19.0) 0.036

Obese' 42 (14.0) 124 (41.3) <0.001

Ongoing hormonal treatment’ 1(0.3) 5(1.7) 0.103
Total score (SD) 5.1(2.6) 55(2.9) 0.073
Hospital-acquired VTE (%) 6 (2.0

321Corresponds to the point value of each criterion in the original PPS and APPS.

NOTE: Abbreviations: APPS, Automated Padua Prediction Score; MI, myocardial infarction; PPS, Padua Prediction
Score; SD, standard deviation; VTE, venous thromboembolism.

years, P = 0.003) with a greater LOS (23.8 days vs. 6.7, P
< 0.001) than those without. Within the group receiving
no pharmacologic prophylaxis (n = 24,152), hospital-ac-
quired VTE occurred in patients who were significantly
older (57.1 years vs. 53.2 years, P = 0.014) with more than
twice the LOS (20.2 days vs. 9.7 days, P < 0.001) compared
to those without. Sixty-six of 75 (88%) randomly selected
patients in which new VTE was identified by the automated
electronic query had this diagnosis confirmed during manual
chart review.

As shown in Table 2, automated calculation on a subsa-
mple of 300 randomly selected patients using APPS had a
mean of 5.5 (SD, 2.9) while manual calculation of the orig-
inal PPS on the same patients had a mean of 5.1 (SD, 2.6).
There was no significant difference in mean between manu-
al calculation and APPS (P = 0.073). There were, however,
significant differences in how often individual criteria were
considered present. The largest contributors to the differ-
ence in scores between APPS and manual calculation were
“prior VTE” (positive, 16% vs. 8.3%, respectively) and “re-
duced mobility” (positive, 74.3% vs. 66%, respectively) as
shown in Table 2. In the subsample, there were a total of
6 (2.0%) hospital-acquired VTE events. APPS’ automated
calculation had an AUC = 0.79 (CI, 0.63-0.95) that was sig-
nificant (P = 0.016) with a cutoff value of 5. Chart review’s
manual calculation of the PPS had an AUC =0.76 (CI1 0.61-
0.91) that was also significant (P = 0.029).

0.8
Cutoff =5
0.6

Sensitivity

0.4
No Pharmacologic Prophylaxis

—8— Pharmacologic Prophylaxis
0.2

0.0
1.0 0.8 0.6 0.4 0.2 0.0
Specificity

No Pharmacologic Pharmacologic

Prophylaxis Prophylaxis Overall

(n=24,152) (n=6574) (n =30,736)
Cut point 5 5 5
Sensitivity (%) 85.0 85.7 85.4
Specificity (%) 56.5 41.1 53.3
PPV (%) 0.9 3.2 1.5
NPV (%) 99.8 99.2 99.8
C statistic (SD) 0.811(0.2) 0.78 (0.9) 0.81 (0.1)

FIG. (Left) ROC curves of the APPS predicting hospital-acquired VTE of patients receiving no pharmacologic prophylaxis (yellow line, n = 24,152) vs pharmacologic

prophylaxis (blue line, n = 6574). (Right) Predictive characteristics of APPS based on prophylaxis received and for entire cohort. Each AUC was significantly greater

than reference of 0.5 (P < 0.001).

NOTE: Abbreviations: APPS, Automated Padua Prediction Score; AUC, area under the curve; NPV, negative predictive value; PPV, positive predictive value; ROC, receiver operating characteristic; SD, standard deviation; VTE, venous

thromboembolism.
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Our entire cohort of 30,726 unique pa-
tients admitted during the study period

TABLE 3. APPS Criteria by Prophylaxis and VTE Occurrence

included 260 (0.8%) who experienced
hospital-acquired VTEs (Table 3). In

patients receiving no pharmacologic pro-

No Pharmacologic Prophylaxis Pharmacologic Prophylaxis

phylaxis, the average APPS was 4.0 (SD, No VTE ~ Hospital-Acquired No VTE  Hospital-Acquired
2.4) for those without VTE and 7.1 (SD, (n=24,039)  VIE(n=113) (n=6427)  VIE(n=147)
2.3) for those with VTE. In patients who
had received pharmacologic prophylaxis, — APPS criteria (%)
those without hospital-acquired VTEhad 6 canger 3801 (15.8) 39 (34.5) <0001 527 8.2) 21 (14.3) 0.014
an average APPS of 4.9 (SD, 2.6) and
those with hospital-acquired VTE aver-  PiorVTE 1255 (5.2) 88 (77.9) <0001  836(13.0) 106 (72.1) <0001
aged 7.7 (SD, 2.6). APPS’ ROC curves  Reduced mobiliy’ 13,791 (57.4) 67 (59.3) 0702 4371 (68.0) 119 81.0) <0.001
for “no pharmacologic prophylaxis” had .
an AUC = 0.81 (CL 0.79 — 0.83) that Thrombophilia® 602 (2.5) 762 0024 34253 18(12.2) <0.001
was significant (P < 0.001) with a cut- Recent trauma/surgery’ 9305 (38.7) 36 (31.9) 0.148 2266 (35.3) 72 (49.0) <0.001
off value of 5. There was similar perfor- Age 570y 4537 (18.9) 26 (23.0) 0278 2349 (36.5) 27 (18.4) <0.001
mance in the pharmacologic prophylaxis
group with an AUC = 0.79 (CL, 0.76 —  Hearrespiatory faure’ 1531 (6.4 26 (23.0) <0001 1523 (23.7) 40(27.2) 0.327
0.82) and cutoff value of 5, as shown in Acute Mi/stroke’ 1049 (4.4) 5(4.4) 0.819  833(13.0) 14 (9.5) 0.262
the Figure. Over the entire cohort, APPS
had a sensitivity of 85.4%, specificity of  AeUe mecion 3179 (13.2) 20 (17.7) 0164 1403 (21.8) 41(7.9 0.086
53.3%, positive predictive value (PPV) rheumatic flare’
of 1.5%, and a negative predictive value g 8848 (36.8) 51 (45.1) 0077 2540 (39.5) 72 (49.0) 0.021
(NPV) of 99.8% when using a cutoff of 5.
The average APPS calculation time was  Hormomal tierany 407 (1.7) 327 0445  81(1.3) 2(1.4) 0.709
0.03 seconds per encounter. Additional
information on individual criteria can be  Total score (D) 4024 7123 <0001 49026 7.7(2.6) <0.001
found in Table 3.

C statistic (SD) 0.81(0.79 - 0.83) <0.001 0.78 (0.76 - 0.82) <0.001
DISCUSSION

Automated calculation of APPS using
EHR data from prior encounters and the
first 4 hours of admission was predictive

venous thromboembolism.

321Corresponds to the point value of each criterion in the original PPS and APPS.
NOTE: Abbreviations: APPS, Automated Padua Prediction Score; MI, myocardial infarction; PPS, Padua Prediction Score; SD, standard deviation; VTE,

of in-hospital VTE. APPS performed as

well as traditional manual score calcula-

tion of the PPS. It was able to do so with

no physician input, significantly lessening the burden of cal-
culation and potentially increasing frequency of data-driven
VTE risk assessment.

While automated calculation of certain scores is becom-
ing more common, risk calculators that require data beyond
vital signs and lab results have lagged,'®!” in part because
of uncertainty about 2 issues. The first is whether EHR data
accurately represent the current clinical picture. The second
is if a machine-interpretable algorithm to determine a clini-
cal status (eg, “active cancer”) would be similar to a doctor’s
perception of that same concept. We attempted to better un-
derstand these 2 challenges through developing APPS. Con-
cerning accuracy, EHR data correctly represent the clinical
scenario: designations of VTEP and hospital-acquired VTE
were accurate in approximately 90% of reviewed cases.
Regarding the second concern, when comparing APPS to
manual calculation, we found significant differences (P <
0.001) in how often 8 of the 11 criteria were positive, yet
no significant difference in overall score and similar predic-

tive capacity. Manual calculation appeared more likely to
find data in the index encounter or in structured data. For
example, “active cancer” may be documented only in a phy-
sician’s note, easily accounted for during a physician’s calcu-
lation but missed by APPS looking only for structured data.
In contrast, automated calculation found historic criteria,
such as “prior VTE” or “known thrombophilic condition,”
positive more often. If the patient is being admitted for a
problem unrelated to blood clots, the physician may have
little time or interest to look through hundreds of EHR doc-
uments to discover a 2-year-old VTE. As patients’ records
become larger and denser, more historic data can become
buried and forgotten. While the 2 scores differ on individual
criteria, they are similarly predictive and able to bifurcate
the at-risk population to those who should and should not
receive pharmacologic prophylaxis.

The APPS was found to have near-equal performance in
the pharmacologic vs. no pharmacologic prophylaxis co-
horts. This finding agrees with a study that found no sig-
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nificant difference in predicting 90-day VTE when looking
at 86 risk factors vs. the most significant 4, none of which
related to prescribed prophylaxis.!® The original PPS had a
reported sensitivity of 94.6%, specificity 62%, PPV 7.5%,
and NPV 99.7% in its derivation cohort.” We matched
APPS to the ratio of sensitivity to specificity, using 5 as
the cutoff value. APPS performed slightly worse with sen-
sitivity of 85.4%, specificity 53.3%, PPV 1.5%, and NPV
99.8%. This difference may have resulted from the original
PPS study’s use of 90-day follow-up to determine VTE oc-
currence, whereas we looked only until the end of current
hospitalization, an average of 9.2 days. Furthermore, the
PPS had significantly poorer performance (AUC = 0.62)
than that seen in the original derivation cohort in a sepa-
rate study that manually calculated the score on more than
1000 patients.”

There are important limitations to our study. It was done
at a single academic institution using a dataset of VTE-as-
sociated, validated research that was well-known to the re-
searchers.?® Another major limitation is the dependence of
the algorithm on data available within the first 4 hours of ad-
mission and earlier; thus, previous encounters may frequent-
ly play an important role. Patients presenting to our health
system for the first time would have significantly fewer data
available at the time of calculation. Additionally, our data
could not reliably tell us the total doses of pharmacologic
prophylaxis that a patient received. While most patients will
maintain a consistent VTEP regimen once initiated in the
hospital, 2 patients with the same LOS may have received
differing amounts of pharmacologic prophylaxis. This re-
search study did not assess how much time automatic calcu-
lation of VTE risk might save providers, because we did not
record the time for each manual abstraction; however, from
discussion with the main abstracter, chart review and man-
ual calculation for this study took from 2 to 14 minutes per
patient, depending on the number of previous interactions
with the health system. Finally, although we chose data
elements that are likely to exist at most institutions using
an EHR, many institutions’ EHRs do not have EDW capa-
bilities nor programmers who can assist with an automated
risk score.

The EHR interventions to assist providers in determin-
ing appropriate VTEP have been able to increase rates of
VTEP and decrease VTE-associated mortality.!®?! In addi-
tion to automating the calculation of guideline-adherent
risk scores, there is a need for wider adoption for clinical
decision support for VTE. For this reason, we chose only
structured data fields from some of the most common el-
ements within our EHR’s data warehouse to derive APPS
(Appendix 1). Our study supports the idea that automated
calculation of scores requiring input of more complex data
such as diagnoses, recent medical events, and current clini-
cal status remains predictive of hospital-acquired VTE risk.
Because it is calculated automatically in the background
while the clinician completes his or her assessment, the
APPS holds the potential to significantly reduce the burden

on providers while making guideline-adherent risk assess-
ment more readily accessible. Further research is required to
determine the exact amount of time automatic calculation
saves, and, more important, if the relatively high predictive
capacity we observed using APPS would be reproducible
across institutions and could reduce incidence of hospital-

acquired VTE.
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Impact of a Connected Care Model on 30-Day Readmission Rates
from Skilled Nursing Facilities
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BACKGROUND: About one-fifth of hospitalized Medicare
beneficiaries are discharged to skilled nursing facilities
(SNFs) for post-acute care. Readmissions are common but
interventions to reduce readmissions are scarce.

OBJECTIVE: To assess the impact of a connected care mod-
el on 30-day hospital readmission rates among patients dis-
charged to SNFs.

DESIGN: Retrospective cohort.

SETTING: SNFs that receive referrals from an academic
medical center in Cleveland, Ohio.

PARTICIPANTS: All patients admitted to Cleveland Clinic
main campus between January 1, 2011 and December 31,
2014 and subsequently discharged to 7 intervention SNFs or
103 control SNFs.

INTERVENTION: Hospital-employed physicians and advanced
practice professionals (nurse practitioners and physician

assistants) visited SNF patients 4 to 5 times per week.

RESULTS: During the study period, 13,544 patients were
discharged to SNFs within a 25-miles radius of Cleveland
Clinic main campus. Of these, 3334 were discharged to 7
intervention SNFs and 10,201 were discharged to 103 usual-
care SNFs. During the intervention phase (2013-2014), ad-
justed 30-day readmission rates declined at the intervention
SNFs (28.1% to 21.7%, P < 0.001), while there was a slight
increase at control SNFs (27.1 % to 28.5%, P < 0.001). The
absolute reductions ranged from 4.6% for patients at low
risk for readmission to 9.1% for patients at high risk, and
medical patients benefited more than surgical patients.

CONCLUSION: A program of frequent visits by hospital em-
ployed physicians and advanced practice professionals at
SNFs can reduce 30-day readmission rates. Journal of Hos-
pital Medicine 2017;12:238-244. © 2017 Society of Hospital
Medicine

Approximately 20% of hospitalized Medicare beneficiaries
in the U.S. are discharged to skilled nursing facilities (SNFs)
for post-acute care," and 23.5% of these patients are read-
mitted within 30 days.> Because hospital readmissions are
costly and associated with worse outcomes,** 30-day read-
mission rates are considered a quality indicator,® and there
are financial penalties for hospitals with higher than expect-
ed rates.” As a result, hospitals invest substantial resources
in programs to reduce readmissions.*!® The SNFs represent
an attractive target for readmission reduction efforts, since
SNFs contribute a disproportionate share of readmissions.’*
Because SNF patients are in a monitored environment with
high medication adherence, risk factors for readmission like-
ly differ between patients discharged to SNFs and those sent
home. For example, 1 study showed that among heart fail-
ure patients with cognitive impairment, those discharged to
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SNFs had lower readmissions during the first 20 days, likely
due to better medication adherence.!! Patients discharged
to SNFs generally have more complex illnesses, lower func-
tional status, and higher 1-year mortality than patients dis-
charged to the community.'>?® Despite this, SNF patients
might have infrequent contact with physicians. Federal reg-
ulations require only that patients discharged to SNFs need
to be seen within 30 days and then at least once every 30
days thereafter.!* According to the 2014 Office of Inspector
General report, one-third of Medicare beneficiaries in SNFs
experience adverse events from substandard treatment, in-
adequate resident monitoring and failure or delay of neces-
sary care, most of which are thought to be preventable.”

To address this issue, the Cleveland Clinic developed a
program called “Connected Care SNE” in which hospi-
tal-employed physicians and advanced practice professionals
visit patients in selected SNFs 4 to 5 times per week, for the
purpose of reducing preventable readmissions. The aim of
this study was to assess whether the program reduced 30-day
readmissions, and to identify which patients benefited most
from the program.

METHODS

Setting and Intervention

The Cleveland Clinic main campus is a tertiary academic
medical center with 1400 beds and approximately 50,000
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admissions per year. In late 2012, the Cleveland Clinic
implemented the Connected Care SNF program, wherein
Cleveland Clinic physicians regularly visited patients who
were discharged from the Cleveland Clinic main campus
to 7 regional SNFs. Beginning in December 2012, these 7
high-volume referral SNFs that were not part of the Cleve-
land Clinic Health System (CCHS) agreed to participate
in the program, which focused on reducing avoidable hos-
pital readmissions and delivering quality care (Table 1).
The Connected Care team, comprised of 2 geriatricians (1
of whom was also a palliative medicine specialist), 1 inter-
nist, 1 family physician, and 5 advanced practice profession-
als (nurse practitioners and physician assistants), provided
medical services at the participating SNFs. These providers
aimed to see patients 4 to 5 times per week, were available
on site during working hours, and provided telephone cov-
erage at nights and on weekends. All providers had access to
hospital electronic medical records and could communicate
with the discharging physician and with specialists familiar
with the patient as needed. Prior to the admission, provid-
ers were informed about patient arrival and, at the time of
admission to the SNEF, providers reviewed medications and
discussed goals of care with patients and their families. In
the SNE providers worked closely with staff members to
deliver medications and timely treatment. They also met
monthly with multidisciplinary teams for continuous qual-
ity improvement and to review outcomes. Patients at Con-
nected Care SNFs who had their own physicians, including
most long-stay and some short-stay residents, did not receive
the Connected Care intervention. They constituted less
than 10% of the patients discharged from Cleveland Clinic
main campus.

Study Design and Population

We reviewed administrative and clinical data from a ret-
rospective cohort of patients discharged to SNF from the
Cleveland Clinic main campus from January 1, 2011 to
December 31, 2014. We included all patients who were
discharged to an SNF during the study period. Our main
outcome measure was 30-day all-cause readmissions to any
hospital in the Cleveland Clinic Health System (CCHS),
including the main campus and 8 regional community hos-
pitals. Study patients were followed until January 30, 2015
to capture 30-day readmissions. According to 2012 Medi-
care data, of CCHS patients who were readmitted within 30
days, 83% of pneumonia, 81% of major joint replacement,
72% of heart failure and 57% of acute myocardial infarction
patients were readmitted to a CCHS facility. As the Cleve-
land Clinic main campus attracts cardiac patients from a
100+-mile radius, they may be more likely to seek care read-
mission near home and are not reflective of CCHS patients
overall. Because we did not have access to readmissions
data from non-CCHS hospitals, we excluded patients who
were discharged to SNFs beyond a 25-mile radius from the
main campus, where they may be more likely to utilize non-
CCHS hospitals for acute hospitalization. We also exclud-

Impact of a Connected Care Model | Kim et al

TABLE 1. Connected Care SNF Program

Connected Care providers:
Have access to hospital EMR and review of patient information prior to admission to SNFs
Round daily during weekday and within 48 hours visit for weekend admissions
Provide on call coverage to reduce readmissions during off hours
Communicate with subspecialists, hospital team and ED physicians
Conduct goals-of-care discussion on admission
Lead monthly meeting to review 30-day readmission outcome and other quality measures
Are evaluated on 30-day readmission performances rather than productivity

Emphasize timely medication administration and physician communication at SNFs

NOTE: Abbreviations: ED, emergency department; EMR, electronic medical records; SNF, skilled nursing facility.

ed patients discharged to non-CCHS hospital-based SNFs,
which may refer readmissions to their own hospital system.
Because the Connected Care program began in December
2012, the years 2011-2012 served as the baseline period.
The intervention was conducted at 7 SNFs. All other SNFs
within the 25-mile radius were included as controls, except
for 3 hospital-based SNFs that would be unlikely to admit
patients to CCHS. We compared the change in all-cause
30-day readmission rates after implementation of Connect-
ed Care, using all patients discharged to SNFs within 25
miles to control for temporal changes in local readmission
rates. Discharge to specific SNFs was determined solely by
patient choice.

Data Collection

For each patient, we collected the following data that has
been shown to be associated with readmissions:'*!® demo-
graphics (age, race, sex, ZIP code), lab values on discharge
(hemoglobin and sodium); hemodialysis status; medicine or
surgical service; elective surgery or nonelective surgery; de-
tails of the index admission index (diagnosis-related group
[DRG], Medicare severity-diagnosis-related groups [MS-
DRG] weight, primary diagnosis code; principal procedure
code; admission date; discharge date, length of stay, and
post-acute care provider); and common comorbidities, as
listed in Table 2. We also calculated each patient’s HOS-
PITALY? score. The HOSPITAL score was developed to
predict risk of preventable 30-day readmissions,'” but it has
also been validated to predict 30-day all-cause readmission
rates for patients discharged to SNE?! The model contains
7 elements (hemoglobin, oncology service, sodium, proce-
dure, index type, admissions within the last year, length of
stay) (supplemental Table). Patients with a high score (7
or higher) have a 41% chance of readmission, while those
with a low score (4 or lower) have only a 15% chance. !
We assessed all cause 30-day readmission status from CCHS
administrative data. Observation patients and outpatient
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TABLE 2. Characteristics of Patients Discharged in 2011-2012 vs. 2013-2014 to 7 Intervention SNFs
and 103 Usual-Care SNFs

Intervention 7 SNFs Usual-Care 103 SNFs
2011-2012 2013-2014 2011-2012 2013-2014
(n=1547) (n=1787) P value (n = 5095) (n=5115) P value
N (%) or mean (SD) N (%) or mean (SD) N (%) or mean (SD)) N (%) or mean (SD)

Age, y (SD) 75.6 (12.3) 75.6 (12.0) 0.99 702 (14.3) 69.4 (14.2) 0.006
Race

White 749 (48.4) 853 (47.7) 0.69 2982(58.5) 2943 (57.5) 0.14

African American 704 (45.5) 779 (43.6) 1826(35.9) 1918 (37.5)

Other 94 (6.0) 155 (8.7) 287(5.6) 254 (5.0)
Male sex 603 (39.0) 711 (39.8) 0.63 2272 (44.6) 2370 (46.3) 0.07
Hemoglobin on discharge (g/dL) 9.9(1.9 9.9(1.9 0.82 9.9(2.0) 9.9(2.0) 0.14
Sodium on discharge(mmol/L) 136.3 (13.1) 136.4 (14.2) 0.82 135.8 (15.5) 136.3 (14.2) 0.06
Elective surgery 337 (21.8) 455 (25.5) 0.01 1177 (23.1) 1261 (24.7) 0.07
Hemodialysis 164 (10.6) 157 (8.8) 0.07 482 (9.5) 577 (11.3) 0.002
Last 1y admissions 1622 1622 0.46 1.8 (2.4) 2.0 (2.6) 0.01
Oncology discharge 48 (3.1) 57 (3.2) 0.88 171 (3.4) 194 (3.8) 0.23
HOSPITAL score 59(2.1) 5.8(2.0) 0.10 6.0 (2.0) 6.1(2.1) 0.14
HOSPITAL score

High 435 (42.8) 431(41.5) 1414 (44.3) 1292 (44.9)

Intermediate 349 (34.3) 344(33.1) 0.43 1061 (33.3) 945 (32.9) 0.89

Low 233(22.9) 263(25.3) 716 (22.4) 639 (22.2)
Service

Medicine 1017 (65.7) 1038 (58.1) <0.001 3191 (62.6) 2876 (56.2) <0.001

Surgical 530 (34.3) 749 (41.9) 1904 (37.4) 2239 (43.8)
MS-DRG weight 2.4(219) 25(2.2) 0.22 2422 25(2.2) 0.33
Index length of stay 9.3(7.9 9.4(7.7) 0.56 9.6 (8.9 9.8 (8.6) 0.29
Payer

Medicare 1318 (85.2) 1549 (86.7) 0.81 3638 (71.4) 3580 (70.0) <0.001

Medicaid 19(1.2 24 (1.3) 668 (13.1) 842 (16.5)

Other 210 (13.6) 214 (12.0) 789 (15.5) 693 (13.5)
Mi 174 (11.2) 242 (13.5) 0.05 525 (10.3) 629 (12.3) 0.002
CHF 557 (36.0) 652 (36.5) 0.77 1484 (29.1) 1548 (30.3) 0.21
PVD 255 (16.5) 363 (20.3) 0.004 771 (15.1) 928 (18.1) <0.001
CVA 349 (22.6) 447 (25.0) 0.10 1092 (21.4) 1143 (22.4) 0.25
Dementia 183(11.8) 241 (13.5) 0.15 557 (10.9) 605 (11.8) 0.15
COPD 364 (23.5) 442 (24.7) 0.41 1109 (21.8) 1301 (25.4) <0.001
Connective tissue disease 61 (3.9 67 (3.7) 0.77 169 (3.3) 176 (3.4) 0.73
Peptic ulcer 73(4.7) 111(6.2) 0.06 224 (4.4) 296 (5.8) <0.001
DM 617 (39.9) 760 (42.5) 0.12 1945 (38.2) 1984 (38.8) 0.51
CKD 432 (27.9) 506 (28.3) 0.80 1157 (22.7) 1306 (25.5) <0.001
Hemiplegia 92 (5.9) 84 (4.7) 0.13 263 (5.2 253 (4.9 0.62
Leukemia 10 (0.6) 23(1.3) 0.06 76 (1.5) 100 (2.0) 0.07
Lymphoma 39 (2.5 41(2.3) 0.67 93 (1.8) 115(2.2) 0.13
Solid tumor 486 (31.4) 559 (31.3) 0.93 1295 (25.4) 1334 (26.1) 0.46
Liver disease 292 (18.9) 422 (23.6) <0.001 1131 (22.2) 1317 (25.7) <0.001
ADS 0(0) 2(0.1) 0.18 38(0.7) 27 (0.5) 0.17

NOTE: Abbreviations: AIDS, acquired immunodeficiency syndrome; CHF, congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular accident; DM, diabetes mellitus;
HOSPITAL, hemoglobin, oncology service, sodium, procedure, index &ype, admissions within the last year, fength of stay; MI, myocardial infarction; MS-DRG, Medicare severity-diagnosis-related group; PVD, peripheral vascular disease;
SNF, skilled nursing facility; SD, standard deviation.

240 An Official Publication of the Society of Hospital Medicine Journal of Hospital Medicine Vol 12 | No 4 | April 2017



Impact of a Connected Care Model | Kim et al

TABLE 3. Adjusted 30-Day Readmission Rates, 2011-2012 vs. 2013-2014 from 7 Intervention SNFs and 103

Usual-Care SNFs

Intervention 7 SNFs

Usual-Care 103 SNFs

2011-2012 2013-2014 2011-2012 2013-2014
(n=1547), (n=1787), (n = 5095), (n=5115),
rate (95% ClI) rate (95% CI) P value rate (95% CI) rate (95% Cl) P value
Overall 28.1% 21.7% <0.001 27.1% 28.5% <0.001
(23.6-33.0) (18.0-25.8) (23.8-30.7) (25.1-32.2)
Services
Medical 31.0% 24.6% <0.001 30.2% 31.8% <0.001
(26.3-36.1) (20.6-29.0) <0.001 (26.8-33.9) (28.3-35.6) <0.001
Surgical 22.4% 17.7% 21.9% 24.2%
(18.4-27.0) (14.4-21.4) (18.9 -25.4) @1.1-27.7)
HOSPITAL score
High (>7) 37.3% 30.0% <0.001 36.6% 39.1% <0.001
(32.0-42.9) (25.3-35.0) <0.001 (32.6-40.7) (35.0-43.4) 0.001
Intermediate (5-6) 27.1% 21.7% <0.001 26.2% 27.2% 0.15
(22.7-31.9) (17.9-25.9) (23.0%-29.7) (23.9%-30.8)
Low (0-4) 25.2% 19.5% 23.7% 24.1%
(21.2-29.6) (16.2-23.3) (20.9-26.7) (21.3-27.2)

NOTE: Abbreviations: Cl, confidence interval; HOSPITAL, hemoglobin, oncology service, sodium, procedure, index type, admissions within the last year, fength of stay; SNF, skilled nursing facility.

same-day surgeries were not considered to be admissions.
For patients with multiple admissions, each admission was
counted as a separate index hospitalization. Cleveland Clin-
ic’s Institutional Review Board approved the study.

Statistical Analysis

For the 7 intervention SNFs, patient characteristics were
summarized as means and standard deviations or frequen-
cies and percentages for the periods of 2011-2012 and 2013-
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FIG. Adjusted 30-day readmission rates on 7 intervention SNF discharged patients by quarters from 2011 to 2014 and yearly 30-day readmission rates on all SNF

discharged patients. P is for comparing readmission rates of 7 intervention SNFs before and after intervention.
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2014, respectively, and the 2 periods were compared using
the Student t test or y* test as appropriate.

Mixed-effects logistic regression models were used to
model 30-day readmission rates. Since the intervention
was implemented in the last quarter of 2012, we exam-
ined the difference in readmission rates before and af-
ter that time point. The model included the following
fixed effects: SNF type (intervention or usual care), time
points (quarters of 2011-2014), whether the time is pre- or
postintervention (binary), and the 3-way interaction be-
tween SNF type, pre- or postintervention and time points,
and patient characteristics. The model also contained a
Gaussian random effect at the SNF level to account for
possible correlations among the outcomes of patients
from the same SNE For each quarter, the mean adjust-
ed readmission rates of 2 types of SNFs were calculated
from the fitted mixed models and plotted over time. Fur-
thermore, we compared the mean readmission rates of the
2 groups in the pre- and postintervention periods. Sub-
group analyses were performed for medical and surgical pa-
tients, and for patients in the low, intermediate and high
HOSPITAL score groups.

All analyses were performed using RStudio (Boston, Mas-
sachusetts). Statistical significance was established with
2-sided P values less than 0.05.

RESULTS
We identified 119 SNFs within a 25-mile radius of the hos-
pital. Of these, 6 did not receive any referrals. Three non-
CCHS hospital-based SNFs were excluded, leaving a total
of 110 SNFs in the study sample: 7 intervention SNFs and
103 usual-care SNFs. Between January 2011 and December
2014, there were 23,408 SNF discharges from Cleveland
Clinic main campus, including 13,544 who were discharged
to study SNFs (Supplemental Figure). Of these, 3334 were
discharged to 7 intervention SNFs and 10,210 were dis-
charged to usual care SNFs. Characteristics of patients in
both periods appear in Table 2. At baseline, patients in
the intervention and control SNFs varied in a number of
ways. Patients at intervention SNFs were older (75.6 vs.
70.2 years; P < 0.001), more likely to be African American
(45.5% vs. 35.9%; P < 0.001), female (61% vs. 55.4%; P <
0.001) and to be insured by Medicare (85.2% vs. 71.4%; P <
0.001). Both groups had similar proportions of patients with
high, intermediate, and low readmission risk as measured by
HOSPITAL score. Compared to the 2011-2012 pre-inter-
vention period, during the 2013-2014 intervention period,
there were more surgeries (34.3% vs. 41.9%; P < 0.001),
more elective surgeries (21.8% vs. 25.5%; P = 0.01), few-
er medical patients (65.7% vs. 58.1%; P < 0.001), and an
increase in comorbidities, including myocardial infarction,
peripheral vascular disease, and liver disease (Table 2).
Table 3 shows adjusted 30-day readmissions rates, before
and during the intervention period at the intervention and
usual care SNFs. Compared to the pre-intervention period,
30-day all-cause adjusted readmission rates declined in the

intervention SNFs (28.1% to 21.7%, P < 0.001), while it in-
creased slightly at control sites (27.1% to 28.5%, P < 0.001).
The Figure shows the adjusted 30-day readmission rates by
quarter throughout the study period.

Declines in 30-day readmission rates were greater for
medical patients (31.0% to 24.6%, P < 0.001) than surgical
patients (22.4% to 17.7%, P < 0.001). Patients with high
HOSPITAL scores had the greatest decline, while those
with low HOSPITAL scores had smaller declines.

DISCUSSION

In this retrospective study of 4 years of discharges to 110
SNFs, we report on the impact of a Connected Care pro-
gram, in which a physician visited patients on admission to
the SNF and 4 to 5 times per week during their stay. In-
troduction of the program was followed by a 6.8% absolute
reduction in all-cause 30-day readmission rates compared to
usual care. The absolute reductions ranged from 4.6% for
patients at low risk for readmission to 9.1% for patients at
high risk, and medical patients benefited more than surgical
patients.

Most studies of interventions to reduce hospital readmis-
sions have focused on patients discharged to the commu-
nity setting.” Interventions have centered on discharge
planning, medication reconciliation, and close follow-up
to assess for medication adherence and early signs of dete-
rioration. Because patients in SNFs have their medications
administered by staff and are under frequent surveillance,
such interventions are unlikely to be helpful in this popula-
tion. We found no studies that focus on short-stay or skilled
patients discharged to SNE Two studies have demonstrated
that interventions can reduce hospitalization from nursing
homes.?*? Neither study included readmissions. The Ever-
care model consisted of nurse practitioners providing active
primary care services within the nursing home, as well as of-
fering incentive payments to nursing homes for not hospital-
izing patients.” During a 2-year period, long term residents
who enrolled in Evercare had an almost 50% reduction in
incident hospitalizations compared to those who did not.”
INTERACT II was a quality improvement intervention that
provided tools, education, and strategies to help identify and
manage acute conditions proactively.” In 25 nursing homes
employing INTERACT 1I, there was a 17% reduction in
self-reported hospital admissions during the 6-month proj-
ect, with higher rates of reduction among nursing homes
rated as more engaged in the process.”’ Although nursing
homes may serve some short-stay or skilled patients, they
generally serve long-term populations, and studies have
shown that short-stay patients are at higher risk for 30-day
readmissions.**

There are a number of reasons that short-term SNF pa-
tients are at higher risk for readmission. Although prior to
admission, they were considered hospital level of care and
received a physician visit daily, on transfer to the SNEF rel-
atively little medical care is available. Current federal reg-
ulations regarding physician services at a SNF require the
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resident to be seen by a physician at least once every 30 days
for the first 90 days after admission, and at least once every
60 days thereafter.?

The Connected Care program physicians provided a
smooth transition of care from hospital to SNF as well as
frequent reassessment. Physicians were alerted prior to hos-
pital discharge and performed an initial comprehensive visit
generally on the day of admission to the SNF and always
within 48 hours. The initial evaluation is important because
miscommunication during the handoff from hospital to SNF
may result in incorrect medication regimens or inaccurate
assessments. By performing prompt medication reconcilia-
tion and periodic reassessments of a patient’s medical con-
dition, the Connected Care providers recreate some of the
essential elements of successful outpatient readmissions pre-
vention programs.

They also worked together with each SNF’s interdisciplin-
ary team to deliver quality care. There were monthly meet-
ings at each participating Connected Care SNE Physicians
reviewed monthly 30-day readmissions and performed root-
cause analysis. When they discovered challenges to timely
medication and treatment delivery during daily rounds, they
provided in-services to SNF nurses.

In addition, Connected Care providers discussed goals of
care—something that is often overlooked on admission to
a SNE This is particularly important because patients with
chronic illnesses who are discharged to SNF often have poor
prognoses. For example, Medicare patients with heart failure
who are discharged to SNFs have 1-year mortality in excess
of 50%." By implementing a plan of care consistent with
patient and family goals, inappropriate readmissions for ter-
minal patients may be avoided.

Reducing readmissions is important for hospitals because
under the Hospital Readmissions Reduction Program, hospi-
tals now face substantial penalties for higher than expected
readmissions rates. Hospitals involved in bundled payments
or other total cost-of-care arrangements have additional in-
centive to avoid readmissions. Beginning in 2019, SNFs will
also receive incentive payments based on their 30-day all-
cause hospital readmissions as part of the Skilled Nursing
Facility Value-Based Purchasing program.”” The Connected
Care model offers 1 means of achieving this goal through
partnership between hospitals and SNFs.

Our study has several limitations. First, our study was
observational in nature, so the observed reduction in read-
missions could have been due to temporal trends unrelat-
ed to the intervention. However, no significant reduction
was noted during the same time period in other area SNFs.
There was also little change in the characteristics of patients
admitted to the intervention SNFs. Importantly, the HOS-
PITAL score, which can predict 30-day readmission rates,?
did not change throughout the study period. Second, the
results reflect patients discharged from a single hospital and
may not be generalizable to other geographic areas. How-
ever, because the program included 7 SNFs, we believe it
could be reproduced in other settings. Third, our readmis-

Impact of a Connected Care Model | Kim et al

sions measure included only those patients who returned
to a CCHS facility. Although we may have missed some
readmissions to other hospital systems, such leakage is un-
common—imore than 80% of CCHS patients are readmitted
to CCHS facilities—and would be unlikely to differ across
the short duration of the study. Finally, at the intervention
SNFs, most long-stay and some short-stay residents did not
receive the Connected Care intervention because they were
cared for by their own physicians who did not participate in
Connected Care. Had these patients’ readmissions been ex-
cluded from our results, the intervention might appear even
more effective.

CONCLUSION

A Connected Care intervention reduced 30-day readmis-
sion rates among patients discharged to SNFs from a tertiary
academic center. While all subgroups had substantial reduc-
tions in readmissions following the implementation of the
intervention, patients who are at the highest risk of readmis-
sion benefited the most. Further study is necessary to know
whether Connected Care can be reproduced in other health
care systems and whether it reduces overall costs.
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BACKGROUND: Psychiatric comorbidity is common in pe-
diatric medical and surgical hospitalizations and is associ-
ated with worse hospital outcomes. Integrating medical or
surgical and psychiatric hospital care depends on accurate
estimates of which hospitalized children have psychiatric co-
morbidity.

OBJECTIVE: We conducted a study to determine agreement
of family report (FR) and clinician documentation (CD) identifi-
cation of psychiatric diagnoses in hospitalized children.
DESIGN AND SETTING: This was a cross-sectional study at
a tertiary-care children’s hospital.

PATIENTS: The patients were children and adolescents (age,
4-21 years) who were hospitalized for medical or surgical in-
dications.

MEASUREMENTS: Psychiatric diagnoses were identified
from structured interviews (FR) and from inpatient notes and
International Classification of Diseases codes in medical re-
cords (CD). We compared estimates of point prevalence of any

comorbid psychiatric diagnosis using each method, and esti-
mated FR-CD agreement in identifying psychiatric comorbidity
in hospitalized children.

RESULTS: Of 119 study patients, 26 (22%; 95% confidence
interval [Cl], 14%-29%) had a psychiatric comorbidity identi-
fied by FR, 30 (25%; 95% ClI, 17%-34%) had it identified by
CD, and 37 (23%-40%) had it identified by FR or CD. Agree-
ment between FR and CD was low overall (x = .46; 95% Cl,
.27-.66), highest for attention-deficit/hyperactivity disorder (i
=.78; 95% Cl, .59-.97), and lowest for anxiety disorders (k =
.11; 95% ClI, -.16 to .56).

CONCLUSIONS: Current methods may underestimate the
prevalence of psychiatric conditions in hospitalized children.
Information from multiple sources may be needed to develop
accurate estimates of the scope of the population in need of
services so that mental health resources can be appropriate-
ly allocated. Journal of Hospital Medicine 2017;12:245-250.
© 2017 Society of Hospital Medicine

Psychiatric conditions affect 1 in 5 children,'? and having a
comorbid psychiatric condition is associated with worse out-
comes in children hospitalized for medical or surgical indi-
cations.*? Although little is known about interventions for
improving outcomes for hospitalized children with psychiatric
conditions,® several interventions that integrate medical and
psychiatric care are known to improve ambulatory patient out-
comes.”™ The success of initiatives that test whether integrat-
ed medical and psychiatric care models can improve pediatric
hospital outcomes depends on reliable identification of comor-
bid psychiatric conditions and family and clinician having a
shared understanding of a patient’s psychiatric diagnoses.
Mental health care system fragmentation, stigma, and
privacy issues’?° may contribute to clinical teams and fami-
lies having disparate views of psychiatric comorbidities. Ev-
idence suggests that hospital clinicians caring for pediatric
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Received: August 7, 2016; Revised: October 5, 2016; Accepted: October 7,
2016
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medical and surgical inpatients are often unaware of a psy-
chiatric condition that has been diagnosed or managed in
the ambulatory setting,*® even in cases in which the patient
and family are aware of the diagnosis. Conversely, for other
patients, clinicians may be aware of a psychiatric diagnosis,
but patient and family may not share that understanding or
reliably report a psychiatric diagnosis.?!* Although hospital-
ization may not be the ideal setting for identifying a new psy-
chiatric diagnosis, given the short-term relationship between
patient and clinical care team, addressing and managing a
psychiatric comorbidity that is known to family or clinician
are important elements of patient-centered hospital care.

The success of interventions in improving hospital out-
comes for hospitalized children with psychiatric comor-
bidity depends on patients, families, and clinicians having
a shared understanding of which patients have psychiatric
conditions, and on accurate estimates of the scope of the
population in need of psychiatric care during pediatric hos-
pitalization.

We conducted a study to compare estimates of point prev-
alence of psychiatric comorbidity identified by family report
(FR) or clinician documentation (CD) and to determine the
degree of FR-CD agreement regarding the presence of psy-
chiatric comorbidity in hospitalized children.
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METHODS

We estimated point prevalence and determined FR-CD
agreement regarding diagnosed psychiatric comorbidities in a
cross-sectional sample of pediatric medical and surgical hos-
pitalizations at Children’s Hospital of Philadelphia (CHOP).
CHOP is a free-standing 535-bed children’s hospital that
serves as a community hospital for the city of Philadelphia; a
regional referral center for eastern Pennsylvania, Delaware,
and southern New Jersey; and a national and internation-
al quaternary referral center. This study was approved by
CHOP’s institutional review board.

Patients eligible for inclusion in the study were 4 to 21
years old and hospitalized for a medical or surgical indica-
tion. Patients were ineligible if they were hospitalized for
a primary psychiatric indication, were medically unstable
(eg, received end-of-life care or escalating interventions
for a life-threatening condition), had significant cognitive
impairment precluding communication (eg, history of severe
hypoxic-ischemic encephalopathy), or did not speak English
(pertains to consenting parent, guardian, or patient).

The cross-sectional patient sample was selected using a
point prevalence recruitment strategy. All eligible patients
on each of CHOP’s 20 inpatient medical, surgical, and crit-
ical care units were approached for study participation on 2
dates between July 2015 and March 2016. To avoid enrolling
the same patient multiple times for a single hospitalization, we
separated recruitment dates on each unit by at least 3 months.
A goal sample size of 100 to 150 patients was selected to pro-
vide precision sufficient to achieve a confidence interval (CI)
of 10% around an estimate of the point prevalence of any
mental health condition.

To obtain family report of prior psychiatric diagnoses, we
interviewed patients and/or their parents during the hospi-
talization. For 18- to 21-year-old patients, the adolescent
patient completed the interview. For patients under 18 years
old, parents completed the interview, and for 14- to 17-year-
old adolescents,either the parent, the patient, or both could
complete the interview. Adolescents were asked to complete
the interview confidentially without a parent present. The
structured interview included questions derived from the Na-
tional Survey of Children’s Health** and the Services Assess-
ment for Children and Adolescents? to report the patient’s
active psychiatric conditions. Interviewees reported whether
the patient had ever been diagnosed with any psychiatric dis-
order, whether the condition was ongoing in the year prior to
hospitalization, and whether the patient received any mental
health services in clinical settings or school in the 12 months
prior to hospitalization.

For CD, we identified a psychiatric diagnosis associated
with the index hospitalization if a psychiatric diagnosis was
noted in the patient’s admission note, discharge summary,
or hospital problem list, or if an International Classification of
Diseases (ICD) code for a psychiatric diagnosis was submitted
for billing for the index hospitalization. The Healthcare Cost
and Utilization Project condition classification system was
used to sort psychiatric condition codes®?*" into 5 catego-

ries: attention-deficit/hyperactivity disorder (ADHD), anxi-
ety disorders, depression, disruptive behavior disorders, and
autism spectrum disorders. A residual category of other, less
common psychiatric conditions included eating disorders,
attachment disorders, and bipolar disorder.

For each condition category, we determined the point
prevalence of having a psychiatric diagnosis identified by
FR and having a diagnosis identified by CD. We used Mc-
Nemar tests to compare point prevalence estimates, the
Clopper-Pearson method to calculate Cls around the esti-
mates,?® and Cohen « statistics to estimate FR—CD agreement
regarding psychiatric diagnoses, grouping patients by type of
psychiatric diagnosis and by clinical and demographic char-
acteristics. All statistical tests were 2-sided, and P < 0.05 was
used for statistical significance. All statistical analyses were
performed with Stata Version 13.1 (StataCorp, College Sta-
tion, Texas).

RESULTS

Of 640 patients hospitalized on study recruitment dates, 411
were ineligible for the study (282 were <4 or >21 years old,
42 were not English speakers, 37 had cognitive impairment,
30 were not medically stable, and 20 were admitted for a
primary psychiatric diagnosis). Of the 229 eligible patients,
119 (52%) enrolled. Included patients were 57% female; 9%
Hispanic; and 35% black, 55% white, and 15% other race.
Forty-eight percent of the enrollees had Medicaid (48%),
and 52% had private health insurance. Mean age was 12.3
years. Of enrolled patients, 38% were admitted to subspe-
cialty medical services. Enrollee demographics were represen-
tative of hospital-level demographics for the study-eligible
population; there were no significant differences in age, sex,
race, ethnicity, payer type, or hospital service admission type
between enrollees and patients who declined to participate
(all Ps > 0.05). Table 1 lists demographic and clinical charac-
teristics of the complete study sample and of the groups with
FR- or CD-identified psychiatric diagnosis.

Of 119 enrollees, 26 (22%; 95% CI, 15%-30%) had at
least 1 FR-identified comorbid psychiatric diagnosis, and 30
(25%;3 95% CI, 17%-33%) had at least 1 CD-identified di-
agnosis. In 13 cases, adolescents (age, 14-17 years) and their
parents both completed the structured interview; there were
no discrepancies between interview results.

In total, 39 of 119 patients (33%, 95% CI: 24-42%) had ei-
ther a family-reported or clinician-documented psychiatric di-
agnosis at the time of hospitalization. For 17 of 119 patients
(14%; 95% CI: 9-22%), family-report and clinician-docu-
mentation both identified the patient as having a comorbid
psychiatric diagnosis. For 9 of 119 patients (8%; 95% CI:
4-14%) families reported a psychiatric diagnosis, but clini-
cians did not document one. Conversely, for another 13 of
119 patients (11%; 95% CI: 6-18%), a clinician document-
ed a psychiatric diagnosis but the family did not report one.
The Figure shows the point prevalence of family-reported
psychiatric diagnoses and clinician-documented psychiatric
diagnoses for 5 common psychiatric condition categories.
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TABLE 1. Demographic and Clinical Characteristics of Children and Adolescents Hospitalized With
Family-Reported or Clinician-Documented Psychiatric Comorbidity at 1 Tertiary-Care Children’s Hospital

Psychiatric Comorbidity Group

All Family- Clinician- Family-Reported or

Characteristic Patients Reported Documented Clinician-Documented
n 119 26 30 39
Mean (SD) age, y 12.3 (4.9 12.8 (4.9 14.7 (4.7) 14.0 (4.9
Sex, %

Male 43 38 33 33

Female 57 62 67 66
Hispanic, % 9 8 7 8
Private insurance, % 52 65 53 56
Race, %

Black 30 23 26 28

White 55 77 60 62

Other 15 0 13 10
Admission indication, %

General medical 19 31 20 26

Subspecialty medical 38 38 47 4

Surgical 26 23 17 15

Critical care 17 8 17 18

NOTE: Abbreviation: SD, standard deviation.

The most common psychiatric conditions reported by
families or documented by clinicians were ADHD (n=16,
13%), anxiety (n=19, 16%), and depression (n=15, 13%).
Estimates of the point prevalence of psychiatric conditions
were similar when using either family report or clinician
documentation alone to identify patients with psychiatric
conditions. However, when family report and clinician doc-
umentation were used together to identify patients with psy-
chiatric comorbidity, the estimated point prevalence of psy-
chiatric comorbidity was significantly higher for depression,
anxiety, and autism. Table 2 displays the point prevalence of
patient- and parent-reported psychiatric diagnoses and clini-
cian-documented psychiatric diagnoses.

Although point prevalence estimates were similar for FR-
and CD-identified comorbid psychiatric conditions, FR—CD
agreement was modest. It was fair for any psychiatric diagno-
sis (k = .49; 95% ClI, .30-.67), highest for ADHD (x = .79;
95% ClI, .61-.96), and fair or poor for other psychiatric con-
ditions (k range, .11-.48). Table 3 lists the FR—-CD agreement
data for psychiatric diagnoses for hospitalized children and
adolescents.

We compared the distribution of FR and CD psychiat-
ric diagnoses with FR use of mental health services. Of the
119 patients, 47 (39%; 95% CI, 31%-49%) had used men-
tal health services within the year before hospitalization. Of
these 47 patients, 15 (32%; 95% CI, 19%-47%) had a psy-
chiatric diagnosis identified by both FR and CD, 6 (13%;
95% ClI, 5%-26%) had a diagnosis identified only by FR,
8 (17%; 95% CI, 8%-30%) had a diagnosis identified only
by CD, and 18 (38%; 95% CI, 25%-54%) had no FR- or
CD-identified diagnosis. For 5 (38%; 95% CI, 14%-68%) of

Disruptive Behavior Disorder _
Autism -
Anxiety Disorcor |
Other Psychiatric Condition _

0 5 10 15 20
Percent of Patients
Reported by Family and . Documented by Reported by
Documented by Clinician Clinician Only Family Only

FIG. Point prevalence of family-reported psychiatric diagnoses and clinician-
documented psychiatric diagnoses for 5 common psychiatric condition categories.
NOTE: Abbreviation: ADHD, attention-deficit/hyperactivity disorder.

the 13 patients with a CD-only diagnosis, the family reported
no use of mental health services within the year before hospi-
talization.

DISCUSSION

At a tertiary-care children’s hospital, we found high point
prevalence of comorbid psychiatric conditions and low
agreement between FR- and CD-identified psychiatric con-
ditions. Estimates of the prevalence of psychiatric comorbid-
ity among pediatric medical and surgical inpatients were sim-
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TABLE 2. Point Prevalence of Family Report and
Clinician Documentation of Comorbid Psychiatric
Diagnoses for 119 Children and Adolescents
Hospitalized at 1 Tertiary-Care Children’s Hospital

Condition Point Prevalence, % (95% Cl)
Family Clinician Family Report or
Report Documentation  Clinician Documentation
Anxiety 8(3-13) 9 (4-15) 16 (9-23)
ADHD 12 (6-18) 11 (6-17) 13(7-19)
Depression 8(3-12) 8(3-13) 13 (7-19p
Autism 5(1-9P 2 (0-4) 5(1-9p
Disruptive behavior disorder 3(0-5 5(1-9 6 (2-10)
Other? 2(0-4) 5(1-9) 7 (2-11)
Any psychiatric condition 22 (14-29) 25 (17-33) 33 (24-41)°

“Includes attachment disorder, eating disorder, and bipolar disorder.
"Statistically significant (P < 0.05) difference from clinician documentation prevalence estimates.
NOTE: Abbreviations: ADHD, attention-deficit/nyperactivity disorder; Cl, confidence interval.

TABLE 3. Agreement of Family Report and Clinician
Documentation of Comorbid Psychiatric Diagnoses
by Patient Characteristics

Family Report or
Clinician Documentation of

Characteristic Psychiatric Diagnosis, n K (95% Cl)
Sex

Female 26 .39 (1510 .64)

Male 13 .63 (.3510.90)
Race

White 24 .63 (.42 10 .84)

Other 15 .21 (-.0910 .52)
Age,y

>12 27 .30 (.04 to .56)

<12 12 .69 (4310.94)
Insurance

Private 22 .54 (:3110.78)

Public 17 41 (1310.69)
Service

General medical 10 .39 (-.0110.79)

Subspecialty medical 16 .55 (2810 .82)

Surgical 6 .89 (6810 1.0)

Critical care 7 -17 (=.3910.05)
Psychiatric diagnosis

ADHD 16 79 (.61 t0.96)

Depression 15 37 (.08 10 .67)

Autism 6 .48 (.06 t0 .91)

Disruptive behavior disorder 7 43 (.02 10 .84)

Anxiety 19 11 (~16 10 .56)

Other® 8 .20 (.16 10 .56)

Any psychiatric condition 39 .49 (.30 10 .67)

“Includes attachment disorder, eating disorder, and bipolar disorder.
NOTE: Abbreviations: ADHD, attention-deficit/hyperactivity disorder; Cl, confidence interval.

ilar for FR- and CD-identified psychiatric conditions, though
each method missed about one third of the cases identified

by the other method. FR only and CD only each identified
about 1 in 4 or 5 hospitalized children and adolescents with

a psychiatric comorbidity. When FR and CD were combined,
a comorbid psychiatric diagnosis was identified in about 1 in
3 medical and surgical inpatients aged 4 to 21 years. FR—-CD
agreement was substantial only for ADHD and was fair to
slight for most other psychiatric conditions, including au-
tism, depression, anxiety, and disruptive behavior disorders
(eg, conduct disorder, oppositional defiant disorder).

Our finding that psychiatric conditions were more com-
monly reported by families and documented by clinicians for
white patients is consistent with a large body of evidence
showing that racial or ethnic minority patients experience
more stigma related to mental health diagnoses and use men-
tal health services less.??*? Families were more likely to report
use of mental health services than a known mental health
diagnosis. This finding may reflect families’ willingness to
use services even if they do not understand or experience
stigma related to psychiatric diagnoses. Alternatively, use of
mental health services without a diagnosis may reflect clini-
cians’ willingness to refer a child for services when the child
is perceived to have an impairment even in the absence of a
clear psychiatric diagnosis.

The low FR-CD agreement regarding psychiatric condi-
tions in hospitalized children and adolescents raises 3 issues
for pediatric hospital care. First, earlier studies likely under-
estimated the prevalence of these conditions. A 2014 study
of a national sample found that 13% of children hospital-
ized for a physical health condition had psychiatric comor-
bidity.” That study and other large-scale studies showing a
high and increasing prevalence of primary psychiatric con-
ditions in hospitalized children and adolescents have relied
on administrative data derived from clinician-documented
diagnoses.”>?" Our study findings suggest that reliance on
administrative data could result in underestimation of the
prevalence of psychiatric comorbidity in hospitalized chil-
dren by as much as 40%. Pediatric hospitals are reporting a
shortage of pediatric mental health specialists.** Augment-
ing estimates of the prevalence of psychiatric comorbidity
in hospitalized children with reports from other sources,
including families or outpatient administrative records, may
aid health systems in allocating mental health resources for
pediatric inpatients.

The second issue is that the present data suggest that fam-
ilies and clinicians do not share the same information about
a child’s psychiatric diagnoses when the child is hospitalized
for a medical condition or surgical procedure. Low FR-CD
agreement regarding psychiatric diagnoses suggests families
and clinical teams are not always “on the same page” about
psychiatric needs during hospitalization. Implications of this
finding are relevant to inpatient and ambulatory care set-
tings. In cases in which a clinician recognizes a psychiatric
condition but the family does not, the family may not seek
outpatient treatment. In the present study, one third of pa-
tients with a psychiatric diagnosis identified by CD but not
FR were not engaged in ambulatory treatment for the condi-
tion. Conversely, a psychiatric diagnosis identified by FR but
not CD suggests clinical teams lack the skills and knowledge
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needed to elicit information about psychiatric conditions
and their potential relevance to inpatient care. As a result,
clinicians may miss opportunities to provide interventions
that may improve physical or mental health outcomes. For
example, clinical teams with information about a patient’s
anxiety disorder may be better able to provide brief inter-
ventions to prevent medical treatments from triggering anx-
iety symptoms and to mitigate the risk for traumatic stress
symptoms related to the hospitalization.

The third issue is that anxiety disorders were most likely
to be the subject of FR-CD disagreement. This inding iden-
tifies children with anxiety disorders as a priority population
for research into differences between families and clinicians
in understanding patients’ psychiatric diagnoses. Our find-
ings suggest families and clinicians have different views
of patients’ anxiety symptoms. Anxiety disorders are a risk
factor for worse outcomes in children with chronic physical
conditions,>*37 and acute hospitalization is associated with
posthospital anxiety symptoms.’®** Thus, anxiety disorders
are particularly relevant to hospital care and are a priority
for research on the differences between families’ and clini-
cians’ perspectives on children’s psychiatric diagnoses.

Our findings should be interpreted in the context of study
limitations. First, because of resource limitations, we did not
obtain psychiatric diagnostic evaluations or records to con-
firm FR- and CD-identified psychiatric diagnoses. Although
this lack of clinical confirmation could have resulted in mis-
classification bias, the risk of bias was no higher than in many
other studies that have successfully used hospital records?!?
and family reports to identify psychiatric comorbidity.*® Sec-
ond, because the study included only English-speaking pa-
tients and families, results cannot be generalized to non-En-
glish-speaking populations. Third, this was a single-center
study, conducted in a free-standing tertiary-care children’s
hospital. Sample size was small, particularly for estimating the
prevalence of individual psychiatric conditions. Patient char-
acteristics and clinical practice patterns may differ at other
types of hospitals. Larger multicenter studies are warrant-
ed. Despite these limitations, our results provide important
new information that can further our understanding of the
epidemiology of psychiatric conditions in hospitalized chil-
dren. This information should interest clinical teams car-
ing for children with comorbid physical and mental health
conditions.

CONCLUSIONS

Low FR-CD agreement regarding hospitalized children’s
psychiatric comorbidities suggests that patients and their
families and clinicians do not always share the same infor-
mation about these comorbidities, and that the prevalence
of psychiatric comorbidity in hospitalized children is likely
underestimated. To allocate adequate resources for these
children, health systems may need to obtain information
from multiple sources. Furthermore, we need to better our
understanding of strategies for communicating about hospi-
talized children’s psychiatric conditions so that we can de-

Psychiatric Diagnoses in Pediatric Inpatients | Doupnik et al

velop interventions to improve hospital outcomes for this
vulnerable population.
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Hospitalists and other providers must classify hospitalized
patients as inpatient or outpatient, the latter of which includes
all observation stays. These orders direct hospital billing and
payment, as well as patient out-of-pocket expenses. The
Centers for Medicare & Medicaid Services (CMS) audits hos-
pital billing for Medicare beneficiaries, historically through the
Recovery Audit program. A recent U.S. Government Account-
ability Office (GAO) report identified problems in the hospital
appeals process of Recovery Audit program audits to which
CMS proposed reforms. In the context of the GAO report and
CMS’s proposed improvements, we conducted a study to de-
scribe the time course and process of complex Medicare Part
A audits and appeals reaching Level 3 of the 5-level appeals
process as of May 1, 2016 at 3 academic medical centers. Of
219 appeals reaching Level 3, 135 had a decision—96 (71.1%)

successful for the hospitals. Mean total time since date of
service was 1663.3 days, which includes mean days between
date of service and audit (560.4) and total days in appeals
(891.3). Government contractors were responsible for 70.7%
of total appeals time. Overall, government contractors and
judges met legislative timeliness deadlines less than half the
time (47.7%), with declining compliance at successive levels
(discussion, 92.5%; Level 1, 85.4%; Level 2, 38.8%; Level 3,
0%). Most Level 1 and Level 2 decision letters (95.2%) cited
time-based (24-hour) criteria for determining inpatient status,
despite 70.3% of denied appeals meeting the 24-hour bench-
mark. These findings suggest that the Medicare appeals sys-
tem merits process improvement beyond current proposed
reforms. Journal of Hospital Medicine 2017;12:251-255.
© 2017 Society of Hospital Medicine

Hospitalists and other inpatient providers are familiar with
hospitalizations classified observation. The Centers for Medi-
care & Medicaid Services (CMS) uses the “2-midnight rule”
to distinguish between outpatient services (which include
all observation stays) and inpatient services for most hos-
pitalizations. The rule states that “inpatient admissions will
generally be payable ... if the admitting practitioner expect-
ed the patient to require a hospital stay that crossed two
midnights and the medical record supports that reasonable
expectation.”

Hospitalization under inpatient versus outpatient status is
a billing distinction that can have significant financial con-
sequences for patients, providers, and hospitals. The inpa-
tient or outpatient observation orders written by hospitalists
and other hospital-based providers direct billing based on
CMS and other third-party regulation. However, providers
may have variable expertise writing such orders. To audit the
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correct use of the visit-status orders by hospital providers, CMS
uses recovery auditors (RAs), also referred to as recovery au-
dit contractors.?’

Historically, RAs had up to 3 years from date of service
(DOS) to perform an audit, which involves asking a hospital
for a medical record for a particular stay. The audit timeline
includes 45 days for hospitals to produce such documenta-
tion, and 60 days for the RA either to agree with the hospi-
tal’s billing or to make an “overpayment determination” that
the hospital should have billed Medicare Part B (outpatient)
instead of Part A (inpatient).>* The hospital may either ac-
cept the RA decision, or contest it by using the pre-appeals
discussion period or by directly entering the 5-level Medicare
administrative appeals process.** Level 1 and Level 2 appeals
are heard by a government contractor, Level 3 by an admin-
istrative law judge (ALJ), Level 4 by a Medicare appeals
council, and Level 5 by a federal district court. These differ-
ent appeal types have different deadlines (Appendix 1). The
deadlines for hospitals and government responses beyond
Level 1 are set by Congress and enforced by CMS** and
CMS sets discussion period timelines. Hospitals that miss an
appeals deadline automatically default their appeals request,
but there are no penalties for missed government deadlines.

Recently, there has been increased scrutiny of the au-
dit-and-appeals process of outpatient and inpatient status
determinations.’ Despite the 2-midnight rule, the Medicare
Benefit Policy Manual (MBPM) retains the passage: “Phy-

sicians should use a 24-hour period as a benchmark, i.e.,
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they should order admission for patients who are expected
to need hospital care for 24 hours or more, and treat other
patients on an outpatient basis.”® Auditors often cite “med-
ical necessity” in their decisions, which is not well defined
in the MBPM and can be open to different interpretation.
This lack of clarity likely contributed to the large number
of status determination discrepancies between providers and
RAs, thereby creating a federal appeals backlog that caused
the Office of Medicare Hearings and Appeals to halt hospi-
tal appeals assignments’ and prompted an ongoing lawsuit
against CMS regarding the lengthy appeals process.* To ad-
dress these problems and clear the appeals backlog, CMS
proposed a “$0.68 settlement offer.” The settlement “of-
fered an administrative agreement to any hospital willing
to withdraw their pending appeals in exchange for timely
partial payment (68% of the net allowable amount)”® and
paid out almost $1.5 billion to the third of eligible hospi-
tals that accepted the offer.” CMS also made programmatic
improvements to the RA program.!®

Despite these efforts, problems remain. On June 9, 2016,
the U.S. Government Accountability Office (GAO) pub-
lished Medicare Fee-for-Service: Opportunities Remain to Im-
prove Appeals Process, citing an approximate 2000% increase
in hospital inpatient appeals during the period 2010-2014
and the concern that appeals requests will continue to ex-
ceed adjudication capabilities.!! On July 5, 2016, CMS issued
its proposed rule for appeals reform that allows the Medicare
Appeals Council (Level 4) to set precedents which would be
binding at lower levels and allows senior attorneys to handle
some cases and effectively increase manpower at the Level 3
(ALJ). In addition, CMS proposes to revise the method for
calculating dollars at risk needed to schedule an AL] hearing,
and develop methods to better adjudicate similar claims, and
other process improvements aimed at decreasing the more
than 750,000 current claims awaiting AL] decisions.'?

We conducted a study to better understand the Medicare
appeals process in the context of the proposed CMS reforms
by investigating all appeals reaching Level 3 at Johns Hop-
kins Hospital (JHH), University of Wisconsin Hospitals
and Clinics (UWHC), and University of Utah Hospital
(UU). Because relatively few cases nationally are appealed
beyond Level 3, the study focused on most-relevant data.’
We examined time spent at each appeal Level and whether
it met federally mandated deadlines, as well as the percent-
age accountable to hospitals versus government contractors
or AL]Js. We also recorded the overturn rate at Level 3 and
evaluated standardized text in de-identified decision letters
to determine criteria cited by contractors in their decisions
to deny hospital appeal requests.

METHODS

The JHH, UWHC, and UU Institutional Review Boards did
not require a review. The study included all complex Part A
appeals involving DOS before October 1, 2013 and reaching
Level 3 (AL]) as of May 1, 2016.

Our general methods were described previously.” Briefly,

the 3 academic medical centers are geographically diverse.
JHH is in region A, UWHC in region B, and UU in region
D (3 of the 4 RA regions are represented). The hospitals
had different Medicare administrative contractors but the
same qualified independent contractor until March 1, 2015
(Appendix 2).

For this paper, time spent in the discussion period, if appli-
cable, is included in appeals time, except as specified (Table
1). The term partially favorable is used for UU cases only,
based on the O’Connor Hospital decision® (Table 1). Re-
flecting ambiguity in the MBPM, for time-based encounter
length of stay (LOS) statements, JHH and UU used time be-
tween admission order and discharge order, whereas UWHC
used time between decision to admit (for emergency de-
partment patients) or time care began (direct admissions)
and time patient stopped receiving care (Table 2). Although
CMS now defines when a hospital encounter begins under
the 2-midnight rule,' there was no standard definition when
the cases in this study were audited.

We reviewed de-identified standardized text in Level 1
and Level 2 decision letters. Each hospital designated an
analyst to search letters for Medicare Benefit Policy Manual
chapter 1, which references the 24-hour benchmark, or the
MBPM statement regarding use of the 24-hour period as a
benchmark to guide inpatient admission orders.® Associat-
ed paragraphs that included these terms were coded and re-
viewed by Drs. Sheehy, Engel, and Locke to confirm that the
24-hour time-based benchmark was mentioned, as per the
MBPM statement (Table 2, Appendix 3).

Descriptive statistics are used to describe the data, and
representative de-identified standardized text is included.

RESULTS

Of 219 Level 3 cases, 135 (61.6%) concluded at Level 3.
Of these 135 cases, 96 (71.1%) were decided in favor of the
hospital, 11 (8.1%) were settled in the CMS $0.68 settle-
ment offer, and 28 (20.7%) were unfavorable to the hospital
(Table 1).

Mean total days since DOS was 1,663.3 (536.8) (mean
[SD]), with median 1708 days. This included 560.4 (351.6)
days between DOS and audit (median 556 days) and 891.3
(320.3) days in appeal (median 979 days). The hospitals
were responsible for 29.3% of that time (260.7 [68.2] days)
while government contractors were responsible for 70.7%
(630.6 [277.2] days). Government contractors and AL]Js
met deadlines 47.7% of the time, meeting appeals deadlines
92.5% of the time for Discussion, 85.4% for Level 1, 38.8%
for Level 2, and 0% for Level 3 (Table 1).

All “redetermination” (level 1 appeals letters) received
at UU and UWHC, and all “reconsideration” (level 2 ap-
peals letters) received by UU, UWHC, and JHH contained
standardized time-based 24-hour benchmark text directly or
referencing the MBPM containing such text, to describe cri-
teria for inpatient status (Table 2 and Appendix 3).¢ In total,
417 of 438 (95.2%) of Level 1 and Level 2 appeals results

letters contained time-based 24-hour benchmark criteria for
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TABLE 1. Complex Part A Appeals Reaching Administrative Law Judge (Level 3) at 3 Academic Medical Centers

Academic Medical Center

JHH (n = 21) UU (n=116) UWHC (n = 82) Total (N = 219)
Total Time in Days Since Date of Service (mean, SD)* 2,377.9 (117.9) 1,391.1 (487.9) 1,865.3 (392.6) 1,663.3 (536.8)
Time between Date of Service (Discharge Date) and Audit 946.5 (105.8) 499.1 (357.6) 548.2 (323.0) 560.4 (351.6)
Time between Audit and Denial 394.5 (20.0) 120.6 (18.8) 108.2 (43.5) 142.2 (88.0)
Time between Denial and Appeal/Contested Denial® 49.3(17.7) 97.9 (26.0) 34.3(7.2) 69.4 (36.6)
Time in Appeals 987.6 (15.5) 6735 (257.2) 1,174.7 (174.7) 891.3(320.3)
Time in Appeals Attributable to Hospital (%) 26.6% 31.9% 27.7% 29.3%
Government Contractor Compliance with Deadlines (number, %)
Discussion (30 day contractor deadling) 9/9 (100%) 2/2 (100%) 75/82 (91.5%) 86/93 (92.5%)
Level 1 (60) 12/21 (57.1%) 95/116 (81.9%) 80/82 (97.6%) 187/219 (85.4%)
Level 2 (60) 18/21 (85.7%) 4/116 (3.4%) 63/82 (76.8%) 85/219 (38.8%)
Level 3 (90) 0/21 (0%) 0/116 (0%) 0/82 (0%) 0/219 (0%)
All Levels 39/72 (54.2%) 101/350 (28.9%) 218/328 (66.5%) 358/750 (47.7%)
Level 3 Appeals with ALJ Decisions or Settlement® Prior to ALJ Decision (number, %) 0/21 (0%)' 116/116 (100%) 19/82 (23.2%) 135/219 (61.6%)
Favorable/Partially Favorable Decisions for Hospital® n/a 83/116 (71.6%) 13/19 (68.4%) 96/135 (71.1%)
CMS Settlement Prior to ALJ Decision n/a 11/116 (9.5%) 0/19 (0%) 11/135 (8.1%)
Unfavorable Decisions for Hospital n/a 22/116 (19.0%) 6/19 (31.6%) 28/135 (20.7%)

“Indicates total time (days) between date of service (defined as day of discharge) and Level 3 decision or settlement. For cases still awaiting Level 3 decision, indicates total time between date of service and censor date of 5/1/2016.
®Reflects most accurate timepoint at each institution where contested denial started for purposes of this study. At UNHC, this was Discussion for 79 cases and Level 1 appeal for 3; for UU and JHH, this was Level 1. Discussion request
date could not be used for 14 cases because MAC demand letter (official start of payment denial) was received after the hospital’s Discussion request. For these 14 cases, the Appeal/Contested Denial date is the Level 1 Appeal letter
date even though Discussion was used. All timepoints used were based on dates on level appeal results/decision letters.

°As Discussion is optional, not all cases went through Discussion. All UWHC cases, 9 JHH cases, and 2 UU cases had Discussion. All cases reaching Level 3 went through Level 1 and 2.

“Settlement refers to the Centers for Medicare and Medicaid Services “$0.68 on the dollar” settlement offer in 2014. For purposes of this study, included settlement cases were waiting for an ALJ hearing at the time of the settiement. Of
the three hospitals, only UU accepted the settlement.

52 of the 83 favorable decisions at UU are considered ‘partially favorable’ and are the result of legal negotiation for Part B payment at the ALJ level based on the O’Connor case. In some individual cases, UU argued for full inpatient
payment, but also requested that the judge consider partial payment for the medically necessary hospitalization based on the Medicare Appeal Council’s decision In re 0’Connor Hospital.13 Argued on a legal basis only, the ALJ awarded

UU partial payment under Part B. UU considers these 52 decisions to be favorable (noted as “partially favorable” to distinguish).
'JHH is a Periodic Interim Payment (PIP) program, which likely delayed the start of RA audits and the subsequent appeals process timeline.
NOTE: Abbreviations: ALJ, administrative law judge; CMS, Centers for Medicare & Medicaid Services; DOS, date of service; JHH, Johns Hopkins Hospital; MAC, Medicare administrative contractor; PIP, periodic interim payment;

SD, standard deviation; UU, University of Utah Hospital; UWHC, University of Wisconsin Hospitals and Clinics.

inpatient status despite 154 of 219 (70.3%) of denied cases
exceeding a 24-hour LOS.

DISCUSSION
This study demonstrated process and timeliness concerns in
the Medicare RA program for Level 3 cases at 3 academic
medical centers. Although hospitals forfeit any appeal for
which they miss a filing deadline, government contractors
and ALJs met their deadlines less than half the time with-
out default or penalty. Average time from the rendering of
services to the conclusion of the audit-and-appeals process
exceeded 4.5 years, which included an average 560 days be-
tween hospital stay and initial RA audit, and almost 900
days in appeals, with more than 70% of that time attribut-
able to government contractors and AL]s.

Objective time-based 24-hour inpatient status criteria were
referenced in 95% of decision letters, even though LOS ex-
ceeded 24 hours in more than 70% of these cases, suggesting

that objective LOS data played only a small role in contrac-
tor decisions, or that contractors did not actually audit for
LOS when reviewing cases. Unclear criteria likely contrib-
uted to payment denials and improper payments, despite ad-
mitting providers’ best efforts to comply with Medicare rules
when writing visit-status orders. There was also a significant
cost to hospitals; our prior study found that navigating the ap-
peals process required 5 full-time equivalents per institution.

At the 2 study hospitals with Level 3 decisions, more than
two thirds of the decisions favored the hospital, suggesting
the hospitals were justified in appealing RA Level 1 and
Level 2 determinations. This proportion is consistent with
the 43% ALJ overturn rate (including RA- and non-RA-
derived appeals) cited in the recent U.S. Court of Appeals
for the DC Circuit decision.’

This study potentially was limited by contractor and hos-
pital use of the nonstandardized LOS calculation during the
study period. That the majority of JHH and UU cases cited
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TABLE 2. Sample Time-Based Text Excerpts From Level 1 and Level 2 Decision Letters, Number of Letters That
Included Time-Based Text, and Number of Cases That Exceeded 24 Hours,? for Appeals Reaching Level 3 at 3

Academic Medical Centers

Academic Medical Center

Measure JHH (n = 21)

UWHC (n = 82)

UU (n = 116)

Exceeded 24-hour LOS," n (%) 13 (61.9%)

72 (87.8%)

69 (59.5%)

Level 1 (MAC) No time-based text in

decision letters

Our review of the records was based on the Internet-Only
Manuals (I0M) Pub 100-2 Medicare Benefit Policy Manual
Chapter 1 Section 10° and 100-8 Medicare Program Integrity
Manual Chapter 6 Section 6.5. Inpatient care rather than

The records did not support more intensive monitoring or extended
nursing or physician care that would require an inpatient stay.
Observation hospital care rather than inpatient admission was
appropriate. .. The requirements for observation care, appropriate

outpatient care is required only if the patient’s medical condition, ~ for this patient, are the same as for inpatient care with the exception

safety, or health would be significantly and directly threatened if
care was provided in a less intensive setting. The patient’s (or

s

“beneficiary’s”) signs and symptoms must be severe enough to

that inpatient care is considerably more intense in terms of resource
utilization (eg, ICU/CCU) and/or duration (commonly more than two
days), entailing more extensive resource utilization.

warrant the need for medical care and must be severe enough

to warrant the need for medical care and must receive services

The policies used to help make this decision were:

of such intensity that they can be furnished safely and effectively o pjedicare Benefit Policy Manual, Chapter 1, “Inpatient Hospital

only on an inpatient basis.

Services Covered Under Part A™

o Medicare Claims Processing Manual, Chapter 3, “Inpatient Hospital
Billing”

o Medicare Program Integrity Manual, Chapter 6, Section 6.5, “Med-
ical Review of Inpatient Hospital Claims” and Chapter 3, Section
3.4.5.C “Complex Prepayment/Postpayment Review”

Level 1 letters with time-based 0(0%)
standardized text, n (%)

82 (100%)

116 (100%)

Level 2 (QIC)°

For inpatient hospital care, admitting physicians or other practitioners should use a 24-hour period as a benchmark, ie, they should order inpatient admission for

patients who are expected to need such care for 24 hours or more, and treat other patients on an outpatient basis. However, the decision whether to admit as an
inpatient is a complex medical judgment, which includes consideration of a variety of factors, including:

* The patient’s medical history and current medical needs

 The types of facilities available to inpatients and outpatients, the hospital’s bylaws and admission policies, and the relative appropriateness of treatment in each

setting

 The severity of the signs and symptoms exhibited by the beneficiary
© The medical probability of something adverse happening to the beneficiary
 The need for diagnostic studies that are appropriately outpatient services to assist in assessing the need for inpatient admission

 The availability of diagnostic procedures at the time when and at the location where the beneficiary presents
(Medicare Benefit Policy Manual, Publication 100-2, Chapter 1, Section 10).

Level 2 letters with time-based
standardized text, n (%)

21 (100%)

82 (100%)

116 (100%)

There was no standard method of defining LOS at the time of these cases. At UNHC, LOS was time between emergency department decision to admit and time patient arrived on floor for direct admission; at JHH and UU, LOS was
based on admit order. Discharge time was based on time patient stopped receiving care (UWHC) or on discharge order (JHH, UU). With this measurement method, LOS was shorter at JHH and UU than at UWHC.

°0f 219 cases, 154 (70.3%) exceeded the 24-hour benchmark; of 438 letters, 417 (95.2%) included time-based text.

“Referenced Chapter 1 contains text, “Physicians should use a 24-hour benchmark when deciding whether a beneficiary should be admitted as an inpatient. When a beneficiary is expected to need hospital care for 24 hours or more, the

beneficiary should be admitted as an inpatient. Other patients should be admitted on an outpatient basis.”

9The 3 hospitals had the same QIC for letters received in this study; therefore, Level 2 text was similar among hospitals.

NOTE: Abbreviations: CCU, cardiac/coronary care unit; ICU, intensive care unit; JHH, Johns Hopkins Hospital; LOS, length of stay; MAC, Medicare administrative contractor; QIC, qualified independent contractor; UU, University of Utah

Hospital; UWHC, University of Wisconsin Hospitals and Clinics.

the 24-hour benchmark in their letters but nevertheless ex-
ceeded 24-hour LOS (using the most conservative definition
of LOS) suggests contractors did not audit for or consider
LOS in their decisions.

Our results support recent steps taken by CMS to re-
form the appeals process, including shortening the RA
“look-back period” from 3 years to 6 months,'® which will
markedly shorten the 560-day lag between DOS and audit
found in this study. In addition, CMS has replaced RAs with
beneficiary and family-centered care quality improvement
organizations (BFCC-QIOs)!® for initial status determina-
tion audits. Although it is too soon to tell, the hope is that
BFCC-QIOs will decrease the volume of audits and denials
that have overwhelmed the system and most probably con-
tributed to process delays and the appeals backlog.

However, our data demonstrate several areas of concern
not addressed in the recent GAO report!! or in the rule pro-
posed by CMS.!? Most important, CMS could consider an
appeals deadline missed by a government contractor as a de-
cision for the hospital, in the same way a hospital’s missed
deadline defaults its appeal. Such equity would ensure due
process and prevent another appeals backlog. In addition,
the large number of Level 3 decisions favoring hospitals sug-
gests a need for process improvement at the Medicare ad-
ministrative contractor and qualified independent contrac-
tor Level of appeals—such as mandatory review of Level 1
and Level 2 decision letters for appeals overturned at Level 3,
accountability for Level 1 and Level 2 contractors with high
rates of Level 3 overturn, and clarification of criteria used to
judge determinations.
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Medicare fraud cannot be tolerated, and a robust auditing
process is essential to the integrity of the Medicare program.
CMS’s current and proposed reforms may not be enough to
eliminate the appeals backlog and restore a timely and fair ap-
peals process. As CMS explores bundled payments and other
reimbursement reforms, perhaps the need to distinguish obser-
vation hospital care will be eliminated. Short of that, addition-
al actions must be taken so that a just and efficient Medicare
appeals system can be realized for observation hospitalizations.
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Detecting Sepsis: Are Two Opinions Better Than One?

Poushali Bhattacharjee, MD', Matthew M. Churpek, MD, MPH, PhD?, Ashley Snyder, MPH', Michael D. Howell, MD, MPH?,
Dana P. Edelson, MD, MS™

'Section of Hospital Medicine and 2Section of Pulmonary and Critical Care Medicine, Department of Medicine, University of Chicago Medical Center,

Chicago, lllinois.

The diagnosis of sepsis requires that objective criteria be met
with a corresponding subjective suspicion of infection. We
conducted a study to characterize the agreement between dif-
ferent providers’ suspicion of infection and the correlation with
patient outcomes using prospective data from a general med-
icine ward. Registered nurse (RN) suspicion of infection was
collected every 12 hours and compared with medical doctor or
advanced practice professional (MD/APP) suspicion, defined
as an existing order for antibiotics or a new order for blood
or urine cultures within the 12 hours before nursing screen
time. During the study period, 1386 patients yielded 11,489
screens, 3744 (32.6%) of which met at least 2 systemic in-
flammatory response syndrome (SIRS) criteria. Infection was

suspected by RN and MD/APP in 5.8% of cases, by RN only
in 22.2%, by MD/APP only in 7.2%, and by neither provider
in 64.7%. Overall agreement rate was 80.7% for suspicion of
infection (k = 0.11, P < 0.001). Progression to severe sepsis
or shock was highest when both providers suspected in-
fection in a SIRS-positive patient (17.7%), was substantially
reduced with single-provider suspicion (6.0%), and was low-
est when neither provider suspected infection (1.5%) (P <
0.001). Provider disagreement regarding suspected infection
is common, with RNs suspecting infection more often, sug-
gesting that a collaborative model for sepsis detection may
improve timing and accuracy. Journal of Hospital Medicine
2017;12:256-258. © 2017 Society of Hospital Medicine

Sepsis is a leading cause of hospital mortality in the United
States, contributing to up to half of all deaths.! If the infection
is identified and treated early, however, its associated morbid-
ity and mortality can be significantly reduced.” The 2001 sep-
sis guidelines define sepsis as the suspicion of infection plus
meeting 2 or more systemic inflammatory response syndrome
(SIRS) criteria.> Although the utility of SIRS criteria has
been extensively debated, providers’ accuracy and agreement
regarding suspicion of infection are not yet fully characterized.
This is very important, as the source of infection is often not
identified in patients with severe sepsis or septic shock.*
Although much attention recently has been given to ide-
al objective criteria for accurately identifying sepsis, less is
known about what constitutes ideal subjective criteria and who
can best make that assessment.”” We conducted a study to
measure providers’ agreement regarding this subjective assess-
ment and the impact of that agreement on patient outcomes.

METHODS
We performed a secondary analysis of prospectively collect-
ed data on consecutive adults hospitalized on a general med-

*Address for correspondence and reprint requests: Dana P. Edelson, MD,
MS, Section of Hospital Medicine, Department of Medicine, University of Chicago
Medical Center, 5841 S Maryland Ave, W312, Chicago, IL 60637; Telephone:
773-834-2191; Fax: 773-795-7398; E-mail: dperes@medicine.bsd.uchicago.edu

Additional Supporting Information may be found in the online version of this
article.
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icine ward at an academic medical center between April 1,
2014 and March 31, 2015. This study was approved by the
University of Chicago Institutional Review Board with a
waiver of consent.

A sepsis screening tool was developed locally as part of the
Surviving Sepsis Campaign Quality Improvement Learning
Collaborative® (Supplemental Figure). This tool was com-
pleted by bedside nurses for each patient during each shift.
Bedside registered nurse (RN) suspicion of infection was
deemed positive if the nurse answered yes to question 2:
“Does the patient have evidence of an active infection?” We
compared RN assessment with assessment by the ordering
provider, a medical doctor or advanced practice profession-
als (MD/APP), using an existing order for antibiotics or a
new order for either blood or urine cultures placed within
12 hours before nursing screen time to indicate MD/APP
suspicion of infection.

All nursing screens were transcribed into an electronic
database, excluding screens not performed, or missing RN
suspicion of infection. For quality purposes, screening data
were merged with electronic health record data to ver-
ify SIRS criteria at the time of the screens as well as the
presence of culture and/or antibiotic orders preceding the
screens. Outcome data were obtained from an administra-
tive database and confirmed by chart review using the 2001
sepsis definitions.® Data were de-identified and time-shifted
before this analysis. SIRS-positive criteria were defined as
meeting 2 or more of the following: temperature higher than
38°C or lower than 36°C; heart rate higher than 90 beats
per minute; respiratory rate more than 20 breaths per min-
ute; and white blood cell count more than 2,000/mm? or less

than 4,000/mm’.
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The primary clinical outcome was progression to severe
sepsis or septic shock. Secondary outcomes included transfer
to intensive care unit (ICU) and in-hospital mortality. Giv-
en that RN and MD/APP suspicion of infection can vary
over time, only the initial screen for each patient was used
in assessing progression to severe sepsis or septic shock and
in-hospital mortality. All available screens were used to in-
vestigate the association between each provider’s suspicion
of infection over time and ICU transfer.

Demographic characteristics were compared using the y?
test and analysis of variance, as appropriate. Provider agree-
ment was evaluated with a weighted « statistic. Fisher ex-
act tests were used to compare proportions of mortality and
severe sepsis/septic shock, and the McNemar test was used
to compare proportions of [CU transfers. The association of
outcomes based on provider agreement was evaluated with a
nonparametric test for trend.

RESULTS

During the study period, 1386 distinct patients had 13,223
screening opportunities, with a 95.4% compliance rate.
A total of 1127 screens were excluded for missing nursing
documentation of suspicion of infection, leaving 1192 first
screens and 11,489 total screens for analysis. Of the complet-
ed screens, 3744 (32.6%) met SIRS criteria; suspicion of in-
fection was noted by both RN and MD/APP in 5.8% of cas-
es, by RN only in 22.2%, by MD/APP only in 7.2%, and by
neither provider in 64.7% (Figure 1). Overall agreement rate
was 80.7% for suspicion of infection (k = 0.11, P < 0.001).
Demographics by subgroup are shown in the Supplemental
Table. Progression to severe sepsis or shock was highest when
both providers suspected infection in a SIRS-positive patient
(17.7%), was substantially reduced with single-provider suspi-
cion (6.0%), and was lowest when neither provider suspected
infection (1.5%) (P < 0.001). A similar trend was found for
in-hospital mortality (both providers, 6.3%; single provider,
2.7%; neither provider, 2.5%; P = 0.01). Compared with MD/
APP-only suspicion, SIRS-positive patients in whom only
RNs suspected infection had similar frequency of progres-
sion to severe sepsis or septic shock (6.5% vs 5.6%; P = 0.52)
and higher mortality (5.0% vs 1.1%; P = 0.32), though these
findings were not statistically significant.

For the 121 patients (10.2%) transferred to ICU, RNs were
more likely than MD/APPs to suspect infection at all time
points (Figure 2). The difference was small (P = 0.29) 48
hours before transfer (RN, 12.5%; MD/APP, 5.6%) but be-
came more pronounced (P = 0.06) by 3 hours before transfer
(RN, 46.3%; MD/APP, 33.1%). Nursing assessments were
not available after transfer, but 3 hours after transfer the pro-
portion of patients who met MD/APP suspicion-of-infection
criteria (44.6%) was similar (P = 0.90) to that of the RNs 3
hours before transfer (46.3%).

DISCUSSION
Our findings reveal that bedside nurses and ordering provid-
ers routinely have discordant assessments regarding presence

Detecting Sepsis | Bhattacharjee et al

SIRS (+) screens: 3744
Both

n=219

RN only
n =832

MD/APP only

n=272

FIG. 1. Provider agreement on suspicion of infection in patients meeting 2 of 4
SIRS criteria.

NOTE: Abbreviations: APP, advanced practice professional; MD, medical doctor; RN, registered nurse; SIRS, systemic
inflammatory response syndrome.
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FIG. 2. Cumulative suspicion of infection by provider over time in patients
transferred to ICU.

NOTE: Abbreviations: APP, advanced practice professional; ICU, intensive care unit; MD, medical doctor; RN, registered
nurse.

of infection. Specifically, when RNs are asked to screen pa-
tients on the wards, they are suspicious of infection more
often than MD/APPs are, and they suspect infection earlier
in ICU transfer patients. These findings have significant im-
plications for patient care, compliance with the new nation-
al SEP-1 Centers for Medicare & Medicaid Services quality
measure, and identification of appropriate patients for en-
rollment in sepsis-related clinical trials.

To our knowledge, this is the first study to explore agree-
ment between bedside RN and MD/APP suspicion of infec-
tion in sepsis screening and its association with patient out-
comes. Studies on nurse and physician concordance in other
domains have had mixed findings.”!! The high discordance
rate found in our study points to the highly subjective nature
of suspicion of infection.

Our finding that RNs suspect infection earlier in patients
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transferred to ICU suggests nursing suspicion has value
above and beyond current practice. A possible explanation
for the higher rate of RN suspicion, and earlier RN suspi-
cion, is that bedside nurses spend substantially more time
with their patients and are more attuned to subtle chang-
es that often occur before any objective signs of deteriora-
tion. This phenomenon is well documented and accounts
for why rapid response calling criteria often include “nurse
worry or concern.”'»!> Thus, nurse intuition may be an im-
portant signal for early identification of patients at high risk
for sepsis.

That about one third of all screens met SIRS criteria and
that almost two thirds of those screens were not thought by
RN or MD/APP to be caused by infection add to the liter-
ature demonstrating the limited value of SIRS as a screen-
ing tool for sepsis.'* To address this issue, the 2016 sepsis
definitions propose using the quick Sepsis-Related Organ
Failure Assessment (qQSOFA) to identify patients at high
risk for clinical deterioration; however, the Surviving Sepsis
Campaign continues to encourage sepsis screening using the
SIRS criteria.”®

Limitations of this study include its lack of generalizabil-
ity, as it was conducted with general medical patients at a
single center. Second, we did not specifically ask the MD/
APPs whether they suspected infection; instead, we relied
on their ordering practices. Third, RN and MD/APP assess-
ments were not independent, as RNs had access to MD/APP
orders before making their own assessments, which could
bias our results.

Discordance in provider suspicion of infection is common,
with RNs documenting suspicion more often than MD/APPs,
and earlier in patients transferred to ICU. Suspicion by ei-
ther provider alone is associated with higher risk for sepsis
progression and in-hospital mortality than is the case when
neither provider suspects infection. Thus, a collaborative
method that includes both RNs and MD/APPs may improve
the accuracy and timing of sepsis detection on the wards.
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CHOOSING WISELY®: THINGS WE DO FOR NO REASON

The Value of Using Ultrasound to Rule Out Deep Vein Thrombosis
in Cases of Cellulitis

Hyung J. Cho, MD'", Andrew S. Dunn, MD, MPH'

'Division of Hospital Medicine, Mount Sinai Health System, New York, New York.

The “Things We Do for No Reason” series reviews practices
which have become common parts of hospital care but which
may provide little value to our patients. Practices reviewed in the
TWDENR series do not represent “black and white” conclusions
or clinical practice standards, but are meant as a starting place for
research and active discussions among hospitalists and patients.
We invite you to be part of that discussion.

Because of overlapping clinical manifestations, clinicians often
order ultrasound to rule out deep vein thrombosis (DVT) in cases
of cellulitis. Ultrasound testing is performed for 16% to 73% of
patients diagnosed with cellulitis. Although testing is common,
the pooled incidence of DVT is low (3.1%). Few data elucidate
which patients with cellulitis are more likely to have concurrent
DVT and require further testing. The Wells clinical prediction
rule with D-dimer testing overestimates DVT risk in patients
with cellulitis and is of little value in this setting. Given the
overall low incidence, routine ultrasound testing is unnecessary
for most patients with cellulitis. ultrasound should be reserved
for patients with a history of venous thromboembolism (VTE),
immobility, thrombophilia, congestive heart failure (CHF), cere-
brovascular accident (CVA) with hemiparesis, trauma, or recent
surgery, and for patients who do not respond to antibiotics.

CASE REPORT

A 50-year-old man presented to the emergency department with
a 3-day-old cut on his anterior right shin. Associated redness,
warmth, pain, and swelling had progressed. The patient had no
history of prior DVT or pulmonary embolism (PE). His tempera-
ture was 38.5°C, and his white blood cell count of 18,000. On
review of systems, he denied shortness of breath and chest pain.
He was diagnosed with cellulitis and administered intravenous
fluids and cefazolin. The clinician wondered whether to perform
lower extremity ultrasound to rule out concurrent DVT.

WHY YOU MIGHT THINK ULTRASOUND

IS HELPFUL IN RULING OUT DVT IN CELLULITIS
Lower extremity cellulitis, a common infection of the skin and
subcutaneous tissues, is characterized by unilateral erythema,
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pain, warmth, and swelling. The infection usually follows a
skin breach that allows bacteria to enter. DVT may present
similarly, and symptoms can include mild leukocytosis and
elevated temperature. Because of the clinical similarities, cli-
nicians often order compression ultrasound of the extremity
to rule out concurrent DVT in cellulitis. Further impetus for
testing stems from fear of the potential complications of un-
treated DVT, including post-thrombotic syndrome, chronic
venous insufficiency, and venous ulceration. A subsequent
PE can be fatal, or can cause significant morbidity, including
chronic VTE with associated pulmonary hypertension. An
estimated quarter of all PEs present as sudden death.!

WHY ULTRASOUND IS NOT HELPFUL

IN THIS SETTING

Studies have shown that ultrasound is ordered for 16% to
73% of patients with a cellulitis diagnosis.>* Although testing
is commonly performed, a meta-analysis of 9 studies of celluli-
tis patients who underwent ultrasound testing for concurrent
DVT revealed alow pooled incidence of total DVT (3.1%) and
proximal DVT (2.1%).* Maze et al.? retrospectively reviewed
1515 cellulitis cases (identified by International Classification
of Diseases, Ninth Revision codes) at a single center in New
Zealand over 3 years. Of the 1515 patients, 240 (16%) had
ultrasound performed, and only 3 (1.3%) were found to have
DVT. Two of the 3 had active malignancy, and the third had
injected battery acid into the area. In a 5-year retrospective
cohort study at a Veterans Administration hospital in Con-
necticut, Gunderson and Chang’ reviewed the cases of 183
patients with cellulitis and found ultrasound testing common-
ly performed (73% of cases) to assess for DVT. Only 1 patient
(<1%) was diagnosed with new DVT in the ipsilateral leg, and
acute DVT was diagnosed in the contralateral leg of 2 other
patients. Overall, these studies indicate the incidence of con-
current DVT in cellulitis is low, regardless of the frequency of
ultrasound testing.

Although the cost of a single ultrasound test is not pro-
hibitive, annual total costs hospital-wide and nationally are
large. In the United States, the charge for a unilateral duplex
ultrasound of the extremity ranges from $260 to $1300, and
there is an additional charge for interpretation by a ra-
diologist.’ In a retrospective study spanning 3.5 years and
involving 2 community hospitals in Michigan, an estimat-
ed $290,000 was spent on ultrasound tests defined as un-
necessary for patients with cellulitis.® A limitation of the
study was defining a test as unnecessary based on its result
being negative.
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DOES WELLS SCORE WITH D-DIMER

HELP DEFINE A LOW-RISK POPULATION?

The Wells clinical prediction rule is commonly used to
assess the pretest probability of DVT in patients present-
ing with unilateral leg symptoms. The Wells score is often
combined with D-dimer testing to help determine whether
ultrasound is necessary. Studies of patients with suspected
DVT have found that those considered low risk according
to the Wells criteria had a 6.5% incidence of DVT.” Howev-
er, the predictive value is lower in the setting of presumed
cellulitis. In a prospective cohort study of 200 patients with
cellulitis, Maze et al.® reported that use of the Wells score
with D-dimer testing overestimated the DVT risk. D-dimer
level was elevated for 74% of patients, and 20.5% were high-
risk by Wells criteria. An algorithm determined that—among
patients with a high-risk Wells score, a positive D-dimer re-
sult, or both—only 1 (0.5%) was diagnosed with ipsilateral
DVT after ultrasound testing. Two patients were diagnosed
with DVT in the contralateral leg. These results suggest that
a strategy that incorporates the Wells score and D-dimer test-
ing in the setting of acute cellulitis provides little value. The
authors concluded that, in the absence of a known hyperco-
agulable state, ultrasound is not warranted. However, their
study did not assess whether there are any specific hyperco-
agulable states for which further testing may be indicated.

WHEN MIGHT ULTRASOUND BE HELPFUL

IN CELLULITIS?

Investigators have described possible DVT risk factors in
patients with cellulitis, but definitive associations are lack-
ing because of the insufficient number of patients studied.®’
The most consistently identified DVT risk factor is history
of previous thromboembolism. In a retrospective analysis of
patients with cellulitis, Afzal et al.® found that, of the 66.8%
who underwent ultrasound testing, 5.5% were identified as
having concurrent DVT. The authors performed univariate
analyses of 15 potential risk factors, including active malig-
nancy, oral contraceptive pill use, recent hospitalization, and
surgery. A higher incidence of DVT was found for patients
with history of VTE (odds ratio [OR], 5.7; 95% confidence
interval [CI], 2.3-13.7), calf swelling (OR, 4.5; 95% ClI, 1.3-
15.8), CVA (OR, 3.5; 95% ClI, 1.2-10.1), or hypertension
(OR, 3.5; 95% ClI, 0.98-12.2). Given the wide confidence
intervals, paucity of studies, and lack of definitive data in the
setting of cellulitis, clinicians may want to consider the risk
factors established in larger trials in other settings, includ-
ing known immobility (OR, <2); thrombophilia, CHF, and
CVA with hemiparesis (OR, 2-9); and trauma and recent
surgery (OR, >10).1°

WHAT YOU SHOULD DO INSTEAD

As the incidence of concurrent VTE in patients with cel-
lulitis is low, the essential step is to make a clear diagnosis
of cellulitis based on its established signs and symptoms. A
2-center trial of 145 patients found that cellulitis was di-
agnosed accurately by general medicine and emergency

medicine physicians 72% of the time, with evaluation by
dermatologists and infectious disease specialists used as the
gold standard. Only 5% of the misdiagnosed patients were
diagnosed with DVT; stasis dermatitis was the most common
alternative diagnosis. Taking a thorough history may elicit
risk factors consistent with cellulitis, such as a recent injury
with a break in the skin. On examination, cellulitis should
be suspected for patients with fever and localized pain, red-
ness, swelling, and warmth—the cardinal signs of dolor, ru-
bor, tumor, and calor. An injury or entry site and leukocy-
tosis also support the diagnosis of cellulitis. Distinct margins
of erythema on the skin are highly suspicious for erysipelas.!!
Other physical findings (eg, laceration, purulent drainage,
lymphangitic spread, fluctuating mass) also are consistent
with a diagnosis of cellulitis.

The patient’s history is also essential in determining
whether any DVT risk factors are present. Past medical
history of VTE or CVA, or recent history of surgery, immo-
bility, or trauma, should alert the clinician to the possibility
of DVT. Family history of VTE increases the likelihood of
DVT. Acute shortness of breath or chest pain in the setting
of concerning lower extremity findings for DVT should raise
concern for DVT and concurrent PE.

If the classic features of cellulitis are present, empiric anti-
biotics should be initiated. Routine ultrasound testing for all
patients with cellulitis is of low value. However, as the inci-
dence of DVT in this population is not negligible, those with
VTE risk factors should be targeted for testing. Studies in the
setting of cellulitis provide little guidance regarding specific
risk factors that can be used to determine who should under-
go further testing. Given this limitation, we suggest that cli-
nicians incorporate into their decision making the well-es-
tablished VTE risk factors identified for large populations
studied in other settings, such as the postoperative period.
Specifically, clinicians should consider ultrasound testing
for patients with cellulitis and prior history of VTE; immo-
bility; thrombophilia, CHE, and CVA with hemiparesis; or
trauma and recent surgery.!>!? Ultrasound should also be
considered for patients with cellulitis that does not improve
and for patients whose localized symptoms worsen despite
use of antibiotics.

RECOMMENDATIONS

® Do not routinely perform ultrasound to rule out concurrent
DVT in cases of cellulitis.

e Consider compression ultrasound if there is a history of
VTE; immobility; thrombophilia, CHF, and CVA with
hemiparesis; or trauma and recent surgery. Also consider
it for patients who do not respond to antibiotics.

e [n cases of cellulitis, avoid use of the Wells score alone
or with D-dimer testing, as it likely overestimates the

DVT risk.

CONCLUSION
The current evidence shows that, for most patients with
cellulitis, routine ultrasound testing for DVT is unnecessary.
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Ultrasound should be considered for patients with potent
VTE risk factors. If symptoms do not improve, or if they
worsen despite use of antibiotics, clinicians should be alert
to potential anchoring bias and consider DVT. The Wells
clinical prediction rule overestimates the incidence of DVT
in cellulitis and has little value in this setting.

Disclosure: Nothing to report.

Do you think this is a low-value practice? Is this truly a “Thing We Do for No Reason”?
Let us know what you do in your practice and propose ideas for other “Things We Do

for No Reason” topics. Please join in the conversation online at Twitter (#TWDFNR)/
Facebook and don't forget to “Like It” on Facebook or retweet it on Twitter. We invite you
to propose ideas for other “Things We Do for No Reason” topics by emailing TWDFNR@

hospitalmedicine.org.
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CLINICAL CARE CONUNDRUMS

What Are the Chances?

The approach to clinical conundrums by an expert clinician is revealed through the presentation of an actual patient’s case in an
approach typical of a morning report. Similarly to patient care, sequential pieces of information are provided to the clinician, who is
unfamiliar with the case. The focus is on the thought processes of both the clinical team caring for the patient and the discussant.

@ This icon represents the patient’s case. Each paragraph that follows represents the discussant’s thoughts.

Stefanie Deeds, MD', Patricia Oakes, MD?, Somnath Mookherjee, MD', David S. Levitt, MD""

'Department of Medicine and ?Department of Neurology, University of Washington School of Medicine, Seattle, Washington.

Two weeks after undergoing a below-knee amputation

(BKA) and 10 days after being discharged to a skilled
nursing facility (SNF), an 87-year-old man returned to
the emergency department (ED) for evaluation of somno-
lence and altered mental state. In the ED, he was disori-
ented and unable to provide a detailed history.

The differential diagnosis for acute confusion and altered con-
sciousness is broad. Initial possibilities include toxic-metabolic
abnormalities, medication side effects, and infections. Urinary
tract infection, pneumonia, and surgical-site infection should
be assessed for first, as they are common causes of postopera-
tive altered mentation. Next to be considered are subclinical
seizure, ischemic stroke, and infectious encephalitis or menin-
gitis, along with hemorrhagic stroke and subdural hematoma.

During initial assessment, the clinician should ascertain
baseline mental state, the timeline of the change in men-
tal status, recent medication changes, history of substance
abuse, and concern about any recent trauma, such as a fall.
Performing the physical examination, the clinician should
assess vital signs and then focus on identifying localizing
neurologic deficits.

First steps in the work-up include a complete metabolic pan-
el, complete blood cell count, urinalysis with culture, and a
urine toxicology screen. If the patient has a “toxic” appear-
ance, blood cultures should be obtained. An electrocardio-
gram should be used to screen for drug toxicity or evidence
of cardiac ischemia. If laboratory test results do not reveal an
obvious infectious or metabolic cause, a noncontrast com-
puted tomography (CT) of the head should be obtained.
In terms of early interventions, a low glucose level should
be treated with thiamine and then glucose, and naloxone
should be given if there is any suspicion of narcotic overdose.
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More history was obtained from the patient’s records.

The BKA was performed to address a nonhealing
transmetatarsal amputation. Two months earlier, the
transmetatarsal amputation had been performed as treat-
ment for a diabetic forefoot ulcer with chronic osteomyeli-
tis. The patient’s post-BKA course was uncomplicated. He
was started on intravenous (IV) ertapenem on postopera-
tive day 1, and on postoperative day 4 was discharged to
the SNF to complete a 6-week course of antibiotics for
osteomyelitis. Past medical history included paroxysmal
atrial fibrillation, coronary artery disease, congestive heart
failure (ejection fraction 40%), and type 2 diabetes melli-
tus. Medications given at the SNF were oxycodone, acet-
aminophen, cholecalciferol, melatonin, digoxin, ondanse-
tron, furosemide, gabapentin, correctional insulin,
tamsulosin, senna, docusate, warfarin, and metoprolol.
While there, the patient’s family expressed concern about
his diminishing “mental ability.” They reported he had been
fully alert and oriented on arrival at the SNE and living in-
dependently with his wife before the BKA. Then, a week
before the ED presentation, he started becoming more
somnolent and forgetful. The gabapentin and oxycodone
dosages were reduced to minimize their sedative effects,
but he showed no improvement. At the SNE a somnolence
work-up was not performed.

Several of the patient’s medications can contribute to al-
tered mental state. Ertapenem can cause seizures as well as
profound mental status changes, though these are more like-
ly in the setting of poor renal function. The mental status
changes were noticed about a week into the patient’s course
of antibiotics, which suggests a possible temporal correlation
with the initiation of ertapenem. An electroencephalogram
is required to diagnose nonconvulsive seizure activity. Nar-
cotic overdose should still be considered, despite the recent
reduction in oxycodone dosage. Digoxin toxicity, though
less likely when the dose is stable and there are no changes
in renal function, can cause a confused state. Concurrent use
of furosemide could potentiate the toxic effects of digoxin.
Non-medication-related concerns include hypoglycemia,
hyperglycemia, and, given his history of atrial fibrillation,
cardioembolic stroke. Although generalized confusion is
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not a common manifestation of stroke, a thalamic stroke
can alter mental state but be easily missed if not specifically
considered. Additional lab work-up should include a digoxin
level and, since he is taking warfarin, a prothrombin time/
international normalized ratio (PT/INR). If the initial labo-
ratory studies and head CT do not explain the altered men-
tal state, magnetic resonance imaging (MRI) of the brain
should be performed to further assess for stroke.

On physical examination in the ED, the patient was

resting comfortably with eyes closed, and arousing to
voice. He obeyed commands and participated in the exam-
ination. His Glasgow Coma Scale score was 13; tempera-
ture, 36.8°C, heart rate, 80 beats per minute; respiratory
rate, 16 breaths per minute; blood pressure, 90/57 mm Hg;
and 100% peripheral capillary oxygen saturation while
breathing ambient air. He appeared well developed. His
heart rhythm was irregularly irregular, without murmurs,
rubs, or gallops. Respiratory and abdominal examination
findings were normal. The left BKA incision was well ap-
proximated, with no drainage, dehiscence, fluctuance, or
erythema. On neurologic examination, the patient was in-
termittently oriented only to self. Pupils were equal, round,
and reactive to light; extraocular movements were intact;
face was symmetric; tongue was midline; sensation on face
was equal bilaterally; and shoulder shrug was intact.
Strength was 5/5 and symmetric in the elbow and hip and
5/5 in the right knee and ankle (not tested on left because
of BKA). Deep tendon reflexes were 3+ and symmetrical at
the biceps, brachioradialis, and triceps tendons and 3+ in
the right patellar and Achilles tendons. Sensation was in-
tact and symmetrical in the upper and lower extremities.
The patient’s speech was slow and slurred, and his answers
were unrelated to the questions being asked.

The patient’s mental state is best described as lethargic. As
he is only intermittently oriented, he meets the criteria for
delirium. He is not obtunded or comatose, and his pupils are
at least reactive, not pinpoint, so narcotic overdose is less
likely. Thalamic stroke remains in the differential diagnosis;
despite the seemingly symmetrical sensation examination,
hemisensory deficits cannot be definitively ruled out given
the patient’s mental state. A rare entity such as carcinoma-
tosis meningitis or another diffuse, infiltrative neoplastic
process could be causing his condition. However, because
focal deficits other than abnormal speech and diffuse hy-
perreflexia are absent, toxic, infectious, or metabolic causes
are more likely than structural abnormalities. Still possible
is a medication toxicity, such as ertapenem toxicity or, less
likely, digoxin toxicity. In terms of infectious possibilities,
urinary tract infection could certainly present in this fash-
ion, especially if the patient had a somewhat low neurologic
reserve at baseline, and hypotension could be secondary to
sepsis. Encephalitis or meningitis remains in the differential
diagnosis, though the patient appears nontoxic, and there-
fore a bacterial etiology is very unlikely.

What Are the Chances? | Deeds et al

The patient’s hyperreflexia may be an important clue. Al-
though the strength of his reflexes at baseline is unknown,
seizures can cause transiently increased reflexes as well as
a confused, lethargic mental state. Reflexes can also be in-
creased by a drug overdose that has caused serotonin syn-
drome. Of the patient’s medications, only ondansetron can
cause this reaction. Hyperthyroidism can cause brisk reflex-
es and confusion, though more typically it causes agitated
confusion. A thyroid-stimulating hormone level should be
added to the initial laboratory panel.

A complete blood count revealed white blood cell

count 11.86 K/uL with neutrophilic predominance
and immature granulocytes, hemoglobin 11.5 g/dL, and
platelet count 323 K/uL. Serum sodium was 141 mEq/L,
potassium 4.2 mEq/L, chloride 103 mEq/L, bicarbonate
30 mEq/L, creatinine 1.14 mg/dL (prior baseline of 0.8-
1.0 mg/dL), blood urea nitrogen 26 mg/dL, blood glucose
159 mg/dL, and calcium 9.1 mg/dL. His digoxin level was
1.3 ng/mL (reference range 0.5-1.9 mg/mL) and troponin
was undetectable. INR was 2.7 and partial thromboplastin
time (PTT) 60 seconds. Vitamin B, level was 674 pg/mL
(reference range >180). A urinalysis had 1+ hyaline casts
and was negative for nitrites, leukocyte esterase, blood,
and bacteria. An ECG revealed atrial fibrillation with a
ventricular rate of 80 beats per minute. A chest radio-
graph showed clear lung fields. A CT of the head without
IV contrast had no evidence of an acute intracranial ab-
normality. In the ED, 1 liter of IV normal saline was given
and blood pressure improved to 127/72 mm Hg.

The head CT does not show intracranial bleeding, and,
though it is reassuring that INR is in the therapeutic range,
ischemic stroke must remain in the differential diagnosis.
Sepsis is less likely given that the criteria for systemic inflam-
matory response syndrome are not met, and hypotension was
rapidly corrected with administration of IV fluids. Urinary
tract infection was ruled out with the negative urinalysis.
Subclinical seizures remain possible, as does medication-re-
lated or other toxicity. A medication overdose, intentional
or otherwise, should also be considered.

The patient was admitted to the hospital. On reassess-

ment by the inpatient team, he was oriented only to
self, frequently falling asleep, and not recalling earlier
conversations when aroused. His speech remained slurred
and difficult to understand. Neurologic examination find-
ings were unchanged since the ED examination. On addi-
tional cerebellar examination, he had dysmetria with fin-
ger-to-nose testing bilaterally and dysdiadochokinesia
(impaired rapid alternating movements) of the left hand.

His handedness is not mentioned; the dysdiadochokinesia
of the left hand may reflect the patient’s being right-handed,
or may signify a focal cerebellar lesion. The cerebellum is
also implicated by the bilateral dysmetria. Persistent som-
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TABLE. Naranjo Adverse Drug Reaction Questionnaire

Questions Yes No Don’t Know
1. Are there previous conclusive reports on this reaction? +1 0 0
2. Did the adverse events appear after the suspected drug was given? +2 -1 0
3. Did the adverse reaction improve when the drug was discontinued or a specific antagonist was given? +1 0 0
4. Did the adverse reaction reappear when the drug was readministered? +2 -1 0
5. Are there alternative causes that could have caused the reaction? -1 +2 0
6. Did the reaction reappear when a placebo was given? -1 +1 0
7. Was the drug detected in any body fluid in toxic concentrations? +1 0 0
8. Was the reaction more severe when the dose was increased, or less severe when the dose was decreased? +1 0 0
9. Did the patient have a similar reaction to the same or similar drugs in any previous exposure? +1 0 0
10. Was the adverse event confirmed by any objective evidence? +1 0 0

Score: >9, definite; 5-8, probable; 1-4, possible; <0, doubtful.

nolence in the absence of CT findings suggests a metabolic
or infectious process. Metabolic processes that can cause bilat-
eral cerebellar ataxia and somnolence include overdose of a
drug or medication. Use of alcohol or a medication such as
phenytoin, valproic acid, or a benzodiazepine can cause the
symptoms in this case, but was not reported by the family,
and there was no documentation of it in the SNF records.
Wernicke encephalopathy is rare and is not well supported
by the patient’s presentation but should be considered, as it
can be easily treated with thiamine. Meningoencephalitis af-
fecting the cerebellum remains possible, but infection is less
likely. Both electroencephalogram and brain MRI should be
performed, with a specific interest in possible cerebellar le-
sions. If the MRI is unremarkable, a lumbar puncture should
be performed to assess opening pressure and investigate for
infectious etiologies.

ﬁ MRI of the brain showed age-related volume loss and
nonspecific white matter disease without acute chang-
es. Lack of a clear explanation for the neurologic findings
led to suspicion of a medication side effect. Ertapenem was
stopped on admission because it has been reported to rare-
ly cause altered mental status. IV moxifloxacin was started
for the osteomyelitis. Over the next 2 days, symptoms be-
gan resolving; within 24 hours of ertapenem discontinua-
tion, the patient was awake, alert, and talkative. On exam-
ination, he remained dysarthric but was no longer
dysmetric. Within 48 hours, the dysarthria was complete-
ly resolved, and he was returned to the SNF to complete a
course of IV moxifloxacin.

DISCUSSION

Among elderly patients presenting to the ED, altered men-
tal status is a common complaint, accounting for 10% to
30% of visits.! Medications are a common cause of altered
mental status among the elderly and are responsible for 40%
of delirium cases.! The risk of adverse drug events (ADEs)

rises with the number of medications prescribed.!” Among
patients older than 60 years, the incidence of polypharmacy
(defined as taking >5 prescription medications) increased
from roughly 20% in 1999 to 40% in 2012.*° The most com-
mon ADEs in the ambulatory setting (25%) are central ner-
vous system (CNS) symptoms, including dizziness, sleep dis-
turbances, and mood changes.® A medication effect should
be suspected in any elderly patient presenting with altered
mental state.

The present patient developed a constellation of neuro-
logic symptoms after starting ertapenem, one of the carbap-
enem antibiotics, which is a class of medications that can
cause CNS ADEs. Carbapenems are renally cleared, and
adjustments must be made for acute or chronic changes in
kidney function. Carbapenems are associated with increased
risk of seizure; the incidence of seizure with ertapenem is
0.2%.7® Food and Drug Administration postmarketing re-
ports have noted ertapenem can cause somnolence and
dyskinesia,” and several case reports have described ertapen-
em-associated CNS side effects, including psychosis and en-
cephalopathy.'®3 Symptoms and examination findings can
include confusion, disorientation, garbled speech, dysphagia,
hallucinations, miosis, myoclonus, tremor, and agitation.'*!
Although reports of dysmetria and dysdiadochokinesia are
lacking, suspicion of an ADE in this case was heightened by
the timing of the exposure and the absence of alternative
infectious, metabolic, and vascular explanations for bilateral
cerebellar dysfunction.

The Naranjo Adverse Drug Reaction (ADR) scale may
help clinicians differentiate ADEs from other etiologies of
symptoms. It uses 10 weighted questions (Table) to estimate
the probability that an adverse clinical event is caused by
a drug reaction.' The present case was assigned 1 point for
prior reports of neurologic ADEs associated with ertapenem, 2
for the temporal association, 1 for resolution after medication
withdrawal, 2 for lack of alternative causes, and 1 for ob-
jective evidence of neurologic dysfunction—for a total of 7
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points, indicating ertapenem was probably the cause of the
patient’s neurologic symptoms. Of 4 prior cases in which car-
bapenem toxicity was suspected and the Naranjo scale was
used, 3 found a probable relationship, and the fourth a highly
probable one.!®!? Confusion, disorientation, hallucinations,
tangential thoughts, and garbled speech were reported in the
3 probable cases of ADEs. In the highly probable case, tan-
gential thoughts, garbled speech, and miosis were noted on
examination, and these findings returned after re-exposure
to ertapenem. Of note, these ADEs occurred in patients with
normal and abnormal renal function, and in middle-aged
and elderly patients.!%!h13

Most medications have a long list of low-frequency and
rarely reported adverse effects. The present case reminds clini-
cians to consider rare adverse effects, or variants of previously
reported adverse effects, in a patient with unexplained symp-
toms. To estimate the probability that a drug is causing harm
to a patient, using a validated tool such as the Naranjo scale
helps answer the question, What are the chances?

KEY TEACHING POINTS

e Clinicians should include rare adverse effects of common
medications in the differential diagnosis.

e The Naranjo score is a validated tool that can be used
to systematically assess the probability of an adverse drug
effect at the bedside.

e The presentation of ertapenem-associated neurotoxicity
may include features of bilateral cerebellar dysfunction.

Disclosure: Nothing to report.

What Are the Chances? | Deeds et al
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Safe and Effective Bedside Thoracentesis:
A Review of the Evidence for Practicing Clinicians
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BACKGROUND: Physicians often care for patients with
pleural effusion, a condition that requires thoracentesis for
evaluation and treatment. We aim to identify the most recent
advances related to safe and effective performance of tho-
racentesis.

METHODS: We performed a narrative review with a sys-
tematic search of the literature. Two authors independently
reviewed search results and selected studies based on rel-
evance to thoracentesis; disagreements were resolved by
consensus. Articles were categorized as those related to the
pre-, intra- and postprocedural aspects of thoracentesis.

RESULTS: Sixty relevant studies were identified and includ-
ed. Pre-procedural topics included methods for physician
training and maintenance of skills, such as simulation with
direct observation. Additionally, pre-procedural topics in-

cluded the finding that moderate coagulopathies (interna-
tional normalized ratio less than 3 or a platelet count greater
than 25,000/pL) and mechanical ventilation did not increase
risk of postprocedural complications. Intraprocedurally, ul-
trasound use was associated with lower risk of pneumotho-
rax, while pleural manometry can identify a nonexpanding
lung and may help reduce risk of re-expansion pulmonary
edema. Postprocedurally, studies indicate that routine chest
X-ray is unwarranted, because bedside ultrasound can iden-
tify pneumothorax.

CONCLUSIONS: While the performance of thoracentesis is
not without risk, clinicians can incorporate recent advanc-
es into practice to mitigate patient harm and improve effec-
tiveness. Journal of Hospital Medicine 2017;12:266-276.
© 2017 Society of Hospital Medicine

Pleural effusion can occur in myriad conditions including
infection, heart failure, liver disease, and cancer.! Conse-
quently, physicians from many disciplines routinely en-
counter both inpatients and outpatients with this diagnosis.
Often, evaluation and treatment require thoracentesis to
obtain fluid for analysis or symptom relief.

Although historically performed at the bedside without
imaging guidance or intraprocedural monitoring, thoracen-
tesis performed in this fashion carries considerable risk of
complications. In fact, it has 1 of the highest rates of iatro-
genic pneumothorax among bedside procedures.? However,
recent advances in practice and adoption of newer technol-
ogies have helped to mitigate risks associated with this pro-
cedure. These advances are relevant because approximately
50% of thoracenteses are still performed at the bedside.” In
this review, we aim to identify the most recent key practices
that enhance the safety and the effectiveness of thoracente-
sis for practicing clinicians.
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METHODS

Information Sources and Search Strategy

With the assistance of a research librarian, we performed a
systematic search of PubMed-indexed articles from January
1, 2000 to September 30, 2015. Articles were identified us-
ing search terms such as thoracentesis, pleural effusion, safety,
medical error, adverse event, and ultrasound in combination
with Boolean operators. Of note, as thoracentesis is indexed
as a subgroup of paracentesis in PubMed, this term was also
included to increase the sensitivity of the search. The full
search strategy is available in the Appendix. Any references
cited in this review outside of the date range of our search
are provided only to give relevant background information
or establish the origin of commonly performed practices.

Study Eligibility and Selection Criteria

Studies were included if they reported clinical aspects re-
lated to thoracentesis. We defined clinical aspects as those
strategies that focused on operator training, procedural tech-
niques, technology, management, or prevention of complica-
tions. Non-English language articles, animal studies, case re-
ports, conference proceedings, and abstracts were excluded.
As our intention was to focus on the contemporary advances
related to thoracentesis performance, (eg, ultrasound [US]),
our search was limited to studies published after the year
2000. Two authors, Drs. Schildhouse and Lai independently
screened studies to determine inclusion, excluding studies
with weak methodology, very small sample sizes, and those
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Physical Training
Simulation-based learning
Competency tools

Patient Selection
Coagulopathies and anticoagulation
Mechanical ventilation

Proper Skin Disinfection
Risk of wound infection
Use of sterile procedure

Bedside Ultrasound
Effusion confirmation
Risk of pneumothorax

Intercostal Artery Identification
Hemothorax and vessel tortuosity
Color Doppler ultrasound

Pleural Manometry
Re-expansion pulmonary edema (REPE)
Identification of a trapped Iung
Large-volume drainage and pneumothorax

only tangentially related to our aim. Disagreements regard-
ing study inclusion were resolved by consensus. Drs. Lai,
Barsuk, and Mourad identified additional studies by hand Articles identified through search
review of reference lists and content experts (Figure 1). Identification o PubMe?NeI=ec1tr10;(i)c) datebase
Conceptual Framework
All selected articles were categorized by temporal rela- Published prior to
tionship to thoracentesis as pre-, intra-, or postprocedure. Soreening > Jan(unaz ,1’1%) 00
Pre-procedural topics were those outcomes that had been
identified and addressed before attempting thoracentesis, y
such as physician training or perceived risks of harm. In- Full-text amc'e(f‘ajs;ss;;’d for eligibilty
traprocedural considerations included aspects such as use of
bedside US, pleural manometry, and large-volume drainage.
Finally, postprocedural factors were those related to evalu- Ful text articles excluded:
ation after thoracentesis, such as follow-up imaging. This ("=6‘97)l
conceptual framework is outlined in Figure 2. Eligibility > Xﬂ{ﬁﬁtiﬂﬁggﬁﬁdgﬁe 9
Case reports: 8

RESULTS E(grr];rgr? language: 1
The PubMed search returned a total of 1170 manuscripts, of
which 56 articles met inclusion criteria. Four additional articles y
were identified by experts and included in the study.*” There- Articles app[gp:astgor inclusion
fore, 60 articles were identified and included in this review.
Study designs included cohort studies, case control studies, sys-
tematic reviews, meta—analyses, narrative reviews, consensus Articles identified via
guidelines, and randomized controlled trials. A summary of all > exp(ir[::)'ew
included articles by topic can be found in the Table. !
PRE-PROCEDURAL CONSIDERATIONS Included ey
Physician Training
Studies indicate that graduate medical education may not
adequately prepare clinicians to perform thoracentesis.* In  ga 4 o dy eligibity and selection criteria.

Pre-procedure Intraprocedure Postprocedure

Postprocedure Imaging
Need for chest X-ray
Use of ultrasound

Thoracentesis process

FIG. 2. Conceptual framework.
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fact, residents have the least exposure and confidence in
performing thoracentesis when compared to other bedside
procedures.”® In 1 survey, 69% of medical trainees desired
more exposure to procedures, and 98% felt that procedur-
al skills were important to master.!! Not surprisingly, then,
graduating internal medicine residents perform poorly when
assessed on a thoracentesis simulator.!?

Supplemental training outside of residency is useful to
develop and maintain skills for thoracentesis, such as sim-
ulation with direct observation in a zero-risk environment.
In 1 study, “simulation-based mastery learning” combined
an educational video presentation with repeated, deliberate
practice on a simulator until procedural competence was ac-
quired, over two 2-hour sessions. In this study, 40 third-year
medicine residents demonstrated a 71% improvement in
clinical skills performance after course completion, with 93%
achieving a passing score. The remaining 7% also achieved
passing scores with extra practice time.'? Others have built
upon the concept of simulation-based training. For instance,
2 studies suggest that use of a simulation-based curriculum
improved both thoracentesis knowledge and performance
skills in a 3-hour session.”!* Similarly, 1 prospective study
reported that a half-day thoracentesis workshop using simu-
lation and 1:1 direct observation successfully lowered pneu-
mothorax rates from 8.6% to 1.8% in a group of practicing
clinicians. Notably, additional interventions including use
of bedside US, limiting operators to a focused group, and
standardization of equipment were also a part of this quality
improvement initiative.” Although repetition is required to
gain proficiency when using a simulator, performance and
confidence appear to plateau with only 4 simulator trials.
In medical students, improvements derived through simula-
tor-based teaching were sustained when retested 6 months
following training.”

An instrument to ensure competency is necessary, given
variability in procedural experience among both new gradu-
ates and practicing physicians,. Our search did not identify
any clinically validated tools that adequately assessed thora-
centesis performance. However, some have been proposed'
and 1 validated in a simulation environment.!? Regarding
the incorporation of US for effusion markup, 1 validated
tool used an 1l-domain assessment covering knowledge
of US machine manipulation, recognition of images with
common pleural effusion characteristics, and performance
of thoracic US with puncture-site marking on a simulator.
When used on 22 participants, scores with the tool could
reliably differentiate between novice, intermediate, and ad-

vanced groups (P < 0.0001).17

Patient Selection

Coagulopathies and Anticoagulation. Historically, the
accepted cutoff for performing thoracentesis is an interna-
tional normalized ratio (INR) less than 1.5 and a platelet
count greater than 50,000/uL. McVay et al.'® first showed in
1991 that use of these cutoffs was associated with low rates
of periprocedural bleeding, leading to endorsement in the

British Thoracic Society (BTS) Pleural Disease Guideline
2010.” Other recommendations include the 2012 Society
for Interventional Radiology guidelines that endorse correc-
tion of an INR greater than 2, or platelets less than 50,000/
pL, based almost exclusively on expert opinion.®

However, data suggest that thoracentesis may be safely
performed outside these parameters. For instance, a prospec-
tive study of approximately 9000 thoracenteses over 12 years
found that patients with an INR of 1.5-2.9 or platelets of
20,000 - 49,000/uL experienced rates of bleeding complica-
tions similar to those with normal values.”® Similarly, a 2014
review?! found that the overall risk of hemorrhage during
thoracentesis in the setting of moderate coagulopathy (de-
fined as an INR of 1.5 - 3 or platelets of 25,000-50,000/uL),
was not increased. In 1 retrospective study of more than
1000 procedures, no differences in hemorrhagic events were
noted in patients with bleeding diatheses that received pro-
phylactic fresh frozen plasma or platelets vs. those who did
not.?? Of note, included studies used a variety of criteria to
define a hemorrhagic complication, which included: an iso-
lated 2 g/dL or more decrement in hemoglobin, presence of
bloody fluid on repeat tap with associated hemoglobin dec-
rement, rapid re-accumulation of fluid with a hemoglobin
decrement, or transfusion of 2 units or more of whole blood.

Whether it is safe to perform thoracentesis on patients
taking antiplatelet therapy is less well understood. Although
data are limited, a few small-scale studies?** suggest that
hemorrhagic complications following thoracentesis in pa-
tients receiving clopidogrel are comparable to the general
population. We found no compelling data regarding the
safety of thoracentesis in the setting of direct oral antico-
agulants, heparin, low-molecular weight heparin, or intra-
venous direct thrombin inhibitors. Current practice is to
generally avoid thoracentesis while these therapeutic anti-
coagulants are used.

Invasive mechanical ventilation. Pleural effusion is com-
mon in patients in the intensive care unit, including those
requiring mechanical ventilation.”” Thoracentesis in this
population is clinically important: fluid analysis in 1 study
was shown to aid the diagnosis in 45% of cases and changes
in treatment in 33%.2 However, clinicians may be reluctant
to perform thoracentesis on patients who require mechan-
ical ventilation, given the perception of a greater risk of
pneumothorax from positive pressure ventilation.

Despite this concern, a 2011 meta-analysis including 19
studies and more than 1100 patients revealed rates of pneu-
mothorax and hemothorax comparable to nonventilated pa-
tients.”’ Furthermore, a 2015 prospective study that exam-
ined thoracentesis in 1377 mechanically ventilated patients
revealed no difference in complication rates as well.” There-
fore, evidence suggests that performance of thoracentesis in
mechanically ventilated patients is not contraindicated.

Skin Disinfection and Antisepsis Precautions
The 2010 BTS guidelines list empyema and wound infection
as possible complications of thoracentesis.!” However, no
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data regarding incidence are provided. Additionally, an al-
cohol-based skin cleanser (such as 2% chlorhexidine gluco-
nate/70% isopropyl alcohol), along with sterile gloves, field,
and dressing are suggested as precautionary measures.” In
1 single-center registry of 2489 thoracenteses performed us-
ing alcohol or iodine-based antiseptic and sterile drapes, no
postprocedure infections were identified.?” Of note, we did
not find other studies (including case reports) that reported
either incidence or rate of infectious complications such as
wound infection and empyema. In an era of modern skin
antiseptics that have effectively reduced complications such
as catheter-related bloodstream infection,’® the incidence of
this event is thus likely to be low.

INTRAPROCEDURAL CONSIDERATIONS

Use of Bedside Ultrasound

Portable US has particular advantages for evaluation of
pleural effusion vs other imaging modalities. Compared with
computerized tomography (CT), bedside US offers similar
performance but is less costly, avoids both radiation expo-
sure and need for patient transportation, and provides re-
sults instantaneously.?”*® Compared to chest x-ray (CXR),
US is more sensitive at detecting the presence, volume, and
characteristics of pleural fluid***!" and can be up to 100%
sensitive for effusions greater than 100 mL.?*’ Furthermore,
whereas CXR typically requires 200 mL of fluid to be present
for detection of an effusion, US can reliably detect as little
as 20 mL of fluid.” When US was used to confirm thora-
centesis puncture sites in a study involving 30 physicians of
varying experience and 67 consecutive patients, 15% of sites
found by clinical exam were inaccurate (less than 10 mm
fluid present), 10% were at high risk for organ puncture, and
a suitable fluid pocket was found 54% of times when exam
could not.*

A 2010 meta-analysis of 24 studies and 6605 thoracen-
teses estimated the overall rate of pneumothorax at 6%;
however, procedures performed with US guidance were as-
sociated with a 70% reduced risk of this event (odds ratio,
0.30; 95% confidence interval, 0.20 - 0.70).>? In a 2014 ran-
domized control trial of 160 patients that compared thora-
centesis with US guidance for site marking vs no US use,
10 pneumothoraces occurred in the control group vs 1 in
the US group (12.5% vs 1.25%, P = 0.009).33 Similarly, an-
other retrospective review of 445 consecutive patients with
malignant effusions revealed a pneumothorax rate of 0.97%
using US in real time during needle insertion compared to
8.89% for unguided thoracenteses (P < 0.0001).** Several
other studies using US guidance for either site markup or
in real time reported similar pneumothorax rates, ranging
from 1.1% - 4.8%.%-" However, it is unclear if real-time US
specifically provides an additive effect vs site marking alone,
as no studies directly comparing the 2 methods were found.

Benefits of US also include a higher rate of procedural suc-
cess, with 1 study demonstrating a 99% success rate when
using US vs. 90% without (P = 0.030).3* A larger volume of
fluid removed has been observed with US use as well, and
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methods have been described using fluid-pocket depth to
guide puncture site localization and maximize drainage.’
Finally, US use for thoracentesis has been associated with
lower costs and length of stay.*#°

Intercostal Artery Localization

Although rare (incidence, 0.18%-2%?2?'%%), the occurrence
of hemothorax following thoracentesis is potentially cata-
strophic. This serious complication is often caused by lac-
eration of the intercostal artery (ICA) or 1 of its branches
during needle insertion.*

While risk of injury is theoretically reduced by needle
insertion superior to the rib, studies using cadaver dissec-
tion and 3D angiography show significant tortuosity of the
[CA.84¥ The degree of tortuosity is increased within 6 cm
of the midline, in more cephalad rib spaces, and in the el-
derly (older than 60 years).*'* Furthermore, 1 cadaveric
study also demonstrated the presence of arterial collaterals
branching off the ICA at multiple intercostal spaces, rang-
ing between 8 cm and 11 cm from the midline.* This ana-
tomic variability may explain why some have observed low
complication and hemothorax rates with an extreme lateral
approach.” Bedside US with color flow Doppler imaging has
been used to identify the ICA, with 88% sensitivity com-
pared to CT imaging while adding little to exam time.*** Of
note, a 37% drop in the rate of hemothorax was observed in
1 study with routine US guidance alone.”

Pleural Pressure Monitoring and Large-Volume
Thoracentesis

While normal intrapleural pressures are approximately -5
to -10 cm H,O,* the presence of a pleural effusion creates
a complex interaction between fluid, compressed lung, and
chest wall that can increase these pressures.*” During drain-
age of an effusion, pleural pressures may rapidly drop, pro-
voking re-expansion pulmonary edema (REPE). While rare
(0-1%), clinically-diagnosed REPE is a serious complication
that can lead to rapid respiratory failure and death.?** REPE
is postulated to be caused by increased capillary permeability
resulting from inflammation, driven by rapid re-inflation of
the lung when exposed to highly negative intrapleural pres-
sures. "%

Measurement of intrapleural pressure using a water ma-
nometer during thoracentesis may minimize REPE by ter-
minating fluid drainage when intrapleural pressure begins
to drop rapidly.’®! A cutoff of -20 cm H,O has been cited
repeatedly as safe since being suggested by Light in 1980, but
this is based on animal models.’®*? In 1 prospective study of
185 thoracenteses in which manometry was performed, 15%
of patients had intrapleural pressure drop to less than -20
cm H,O (at which point the procedure was terminated) but
suffered no REPE.*®

Manometry is valuable in the identification of an unex-
pandable or trapped lung when pleural pressures drop rapidly
with only minimal fluid volume removal.#">* Other findings

Continued on page 273
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TABLE. Summary of Studies in Review, Organized by Topic

Topic Author (Year) Study Design  Participants (n)  Study Description or Intervention Results and Authors’ Conclusions
Physician Grover S,etal  Cohort survey 188 IM residents  Assess resident knowledge of 3 core medical The instrument was reliable (o = 0.79); resident median score was
training (2009) procedures; 32-item multiple choice test developed ~ 53%; overall knowledge of procedures was poor
and given to students, residents, and clinicians
Promes S, etal  Cohort survey 256 15ty IM Self-reported survey to evaluate attitudes, New medical interns report having the least experience and
(2009)° residents at 3 competency, and exposure to common medical confidence with thoracentesis of all procedures
training sites procedures in medical school
Huang G,etal  Prospective 106 IM residents  Residents logged procedures performed, answering  Many residents are uncomfortable performing bedside procedures,
(2006)™° cohort questions evaluating their comfort with 9 aspects of  especially when unsupervised (37%); thoracentesis associated with
4 medical procedures less comfort (OR, 0.40; CI, 0.20-0.80)
Lagan J, et al Online survey 156 medical Online survey given to trainees regarding attitudes Majority of trainees felt procedures were important and wanted more
(2015)" trainees and experience related to medicine procedures exposure; trainees did not feel competent in independent US use;
thoracentesis confidence positively correlated with exposure (P <
0.003).
Wayne D, etal  Pretest-posttest 40 3¢y IM Baseline knowledge and skills assessment followed  Simulation with deliberate practice led to a 71% improvement in
(2008)™ design with no residents by video instruction and deliberate practice on clinical skills exam, with 100% reaching the mastery standard;
control thoracentesis simulator until competence attained amount of practice time required was a negative predictor of posttest
performance
Lenchus J Case cohort 56 residents and 4 - Procedural instruction curriculum (including Standardized course resulted in significantly increased knowledge
(2010)™ before and after  medical students  thoracentesis) and pilot developed consisting of scores for all procedures (P < 0.001), along with increased technical
instruction with videos, simulation, and deliberate skills rated on first patient performance (P < 0.001)
practice; knowledge, and skills assessed before
and after
Lenchus J,etal Case cohort 85 IM residents Residents completed 4 wk multimodal procedure All participants demonstrated an improvement in medical knowledge
(2011)™ before and after course including simulation; assessed with a and technical skills (P < 0.05); a blended, standardized procedure
knowledge and skills test before and after curriculum has potential to address shortcomings of traditional
training
Duncan D, etal  Prospective 244 procedures Institution of a training system to reduce Institution of improvement program with simulation and US reduced
(2009) cohort pneumothorax rate including focused group of rates of pneumothorax from 8.6% to 1.1% (P = 0.0034); effect
operators, ultrasound, and standardization of sustained for 2y
methods and equipment
Jiang G, et al Case cohort 52 medical Students performed repeated trials on a thoracentesis Performance score, time, and confidence were maximized after trial
(2011 before and after ~ students simulator, and performance was recorded number 4 (P < 0.05); effect persisted at 6 mo on retest and 12 mo
on first live patient
Berg D, et al NA 8 physician Checklist developed to aid in the standardization of ~ Developed a 23-point checklist with a high level of agreement
(2013)' experts thoracentesis training and competence evaluation between experts (o = 0.94); requires implementation for validation
in simulation and clinical environment
Salamonsen M,  NA 22 trainees 11-domain, 100-point scoring tool developed to The tool reliably predicted experience level (novice, intermediate,
etal (2013)"" gauge thoracic US competence; used to score expert) regarding thoracic US use and effusion markup (P < 0.0001);
participant performance on simulator can be used to document adequacy of US training
Coagulopathies Havelock T, etal  Consensus NA Literature review and expert opinion regarding the Thoracentesis can be safely performed in most patients with INR
and (2010)" guidelines preparation, technique, and complications related o <1.5 and platelets >50,000/uL, US guidance is recommended,
anticoagulation bedside thoracentesis routine postprocedure chest X-ray (CXR) not indicated unless concern
for complication
Patel |, et al Consensus NA Literature review and expert opinion used to Thoracentesis is a low-risk bleeding procedure; recommend
(2012)° guidelines determine best practices related to the hematologic ~ performance if INR <2.0 and platelets >50,000/pL; benefit of
management of patients undergoing percutaneous  prophylactic transfusion unclear and risk/benefit should be weighed
interventions by physician
Ault M, et al Prospective 9320 To evaluate specific demographic and clinical factors  Low rate of complications with experienced operator; no increase in
2015)% cohort thoracenteses that have been associated with complications of risk with moderate coagulopathy (P = 0.97 INR category, P = 0.55
thoracentesis platelet category); risk factors for complications included >1 needle
pass (P=0.002) and >1.5L fluid removed (P = 0.0001)
Puchalski J Literature review 8 studies, 2600 Review of the literature regarding the risk of bleeding  Thoracentesis appears to be safe to perform despite significant
(2014 procedures complications after thoracentesis in patients coagulation abnormalities (INR <3, platelets >25,000/L);
with baseline coagulopathy and the practice of prophylactic reversal of coagulation abnormalities not beneficial
prophylactic reversal
Hibbert R, etal  Retrospective 1009 procedures  Chart review of US-guided thoracenteses done Despite the presence of coagulopathy, the risk of hemorrhagic
(2013)* chart review with INR >1.6 or platelets <50,000/L; patients complication is very low (0.40%; Cl 0.15%-1.02%); prophylactic
separated by whether or not coagulopathy corrected  transfusion of blood products did not alter this risk
prior with blood products
ZaltM, et al Prospective 30 patients, 45 US-guided thoracentesis performed in patients on No clinically significant bleeding complications observed;
(2012)= cohort thoracenteses clopidogrel with symptomatic effusion, assessed for  unnecessary to hold clopidogrel before US-guided thoracentesis for
bleeding complications postprocedure symptomatic effusion as bleeding risk is low; larger studies required
to confirm results
Mahmood K, Prospective 75 patients 25 patients underwent US-guided percutaneous 1 patient on clopidogrel developed a hemothorax requiring
etal (2014)* cohort with pleural intervention without cessation of clopidogrel;  transfusion (overall rate, 4%); clinically significant bleeding risk is low
control group bleeding rates compared with control group and comparable to control group (P= 0.15)
Continued on page 271
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TABLE. Summary of Studies in Review, Organized by Topic (continued)

Topic Author (Year) Study Design  Participants (n)  Study Description or Intervention Results and Authors’ Conclusions
Invasive Goligher E, etal ~ Systematic 19 studies, 1124 Review of studies relevant to the utility and safety of ~ Rates of pneumothorax (3.4%; Cl, 1.7-6.5%) and hemothorax (1.6%;
mechanical (2011)» review and meta- thoracenteses draining pleural effusions in patients on mechanical ~ Cl, 0.8-3.3%) were low; drainage of pleural effusions in mechanically
ventilation analysis ventilation ventilated patients is safe and appears to improve oxygenation
Fartoukh M, Prospective 113 patients, 68 MICU patients with effusion underwent thoracentesis; 8.4% of MICU patients had an effusion; thoracentesis aided
etal (2002)%* cohort on mechanical clinicians queried on both pre- and post-tap treatment in 56% of cases and altered the final diagnosis in 45% of
ventilation diagnosis cases; pneumothorax noted in 6 patients (7%)
Skin disinfection Cervini P, etal  Retrospective 2489 Chart review of patients who underwent US-guided  US-guided thoracentesis confers an extremely low risk of infectious
and antisepsis ~ (2010)% chart review thoracenteses thoracentesis to evaluate for infectious complications  complication when aseptic technique is used; no infections were
precautions and determine infection rate observed
Use of bedside ~ Soni N, et al Literature review  NA Review of the literature related to the use of point-of- Regarding pleural effusion characterization US performs similarly
ultrasound (2015) care US to evaluate and mange pleural effusions to CT and is more sensitive than CXR; US guidance reduces
thoracentesis complications and increases success rates
Feller-Kopman D Literature review  NA Review of the basic techniques of bedside US related US guidance improves patient outcomes by reducing the risk of
(2006)* to evaluation of pleural disease and performance of  complication, and is especially helpful in the setting of small effusions
thoracentesis and mechanical ventilation
Shojaee Sand  Literature review NA Literature reviewed pertaining to basic US physiology, Bedside US during thoracentesis is recommended because
Argento A common thoracic exam findings, and utility related to it provides immediate results, improved site selection, fewer
(2014)* pleural access complications, and high accuracy even when done by trainees
Diacon A, etal  Prospective 67 consecutive To assess the value of thoracentesis puncture sites  US found that 15% of clinician exam-proposed puncture sites to be
(2003)* comparative patients identified by clinical examination alone; clinician- inaccurate (<10 mm fluid depth) with 10% of sites overlying solid
proposed locations were evaluated for accuracy organs; US able to identify accurate pocket in 54% of cases where
against thoracic US exam could not; US increases procedure yield and potentially reduces
complications
Gordon C, etal  Systematic 24 studies, 6605 Literature reviewed to determine the baseline rate of ~ Overall calculated risk of pneumothorax was 6% (95% Cl, 4.6%-

(2010)* review and meta-  thoracenteses pneumothorax related to thoracentesis and identify ~ 7.8%); US guidance associated with lower risk (OR, 0.3; Cl, 0.2-0.7);
analysis influencing factors factors increasing this risk were therapeutic indication (OR, 2.6; CI,
1.8-3.8) and periprocedural symptoms (OR, 26.6; Cl, 2.7-262.5)
Perazzo A, etal  Randomized 160 patients Patients randomized to thoracentesis with or Use of US prior to thoracentesis resulted in a significantly lower rate
(2014)% control trial without US use prior to identifying fluid pocket; of pneumothorax (1.25% vs 12.5%, P = 0.009), higher procedure
measured rate of procedure success, fluid yield, and ~ success (99% vs 90%, P = 0.03) and higher fluid yield (P> 0.014)
pneumothorax
Cavanna L, etal Retrospective 445 patients with ~ Chart review of patients status post-thoracentesis US guidance used in 310 (69%) thoracenteses; use of real-time US
(2014)* chart review malignant pleural  with or without real-time US guidance; procedure guidance during thoracentesis for malignant effusions resulted in
effusions success, yield, and complication rates compared drastically lower pneumothorax rates (0.89% vs 8.89%, P = 0.0001)
Soldati G, etal  Prospective 106 patients, Evaluate efficacy and safety of thoracentesis or pigtail 97% of all procedures successful; pneumothorax rate was 1.4% with
(2013)%® cohort 131 procedures catheter placement in the supine or lateral recumbent no bleeding complications observed; pleural procedures in the supine
position under real-time US guidance or lateral recumbent positions are safe, comfortable, and conducive
to real-time US guidance
Pihlajamaa K, Retrospective 212 patients, 264  Chart review performed to determine the incidence  Post-thoracentesis pneumothorax rates were low (4.2%) with no
et al (2004)® chart review thoracenteses of pneumothorax and contributing variables after increase in risk in mechanical ventilation or based on operator
US-guided thoracentesis experience; recommend against routine CXR postprocedure
Bamnes T,etal  Retrospective 450 thoracenteses  Charts reviewed of all thoracenteses performed over  Use of US prior to thoracentesis resulted in a significantly lower rate
(2005)* chart review 1-year period, assessing for use of US and relation to  of pneumothorax (4.9% vs 10.3%, P < 0.05); recommend US use be
pneumothorax rates considered in all patients
Hooper C, etal  Retrospective 1252 British Thoracic Society pleural procedures audit Rates of pneumothorax (1.3%) and hemothorax (1.1%) are low;
(2015)° review thoracenteses of 90 hospitals over a 2-mo period outlining use of US guidance is rising since 2010 (69% vs 52%); 50% of
complication rates, consent rates, and use of bedside thoracenteses are still performed at bedside
us
Zanforlin A, et al - Prospective 45 thoracenteses  Assessment of safety and efficacy of thoracentesis ~ The “V point” is an easy-to-identify US landmark that provides
(2013)% cohort performed over the area of effusion with maximum  a safe area for needle puncture; no pneumothoraces observed;
depth between lung and diaphragm as identified on  measurement of maximum pocket depth provides a rough estimation
bedside US (“V-point”) of effusion volume
Patel P, et al Retrospective 19,339 Premier hospital database queried for thoracenteses ~ US guidance was used in 46% of thoracenteses; associated with a
(2012)* chart review thoracenteses performed over 1-y period; cost analysis performed  decrease in pneumothorax of 16.3% (OR, 0.837; Cl, 0.73-0.96, P =
to determine if use of US led to a change in 0.014) and hemothorax by 38.7% (OR, 0.613; Cl, 0.36-1.04; P=
outcomes and cost 0.071); US use was associated with a lower cost of hospitalization (P
< 0.0001) and shorter length of stay (P < 0.0001)
Mercaldi Cand  Retrospective 61,261 Claims data reviewed over 2-y period on Use of US during thoracentesis resulted in a reduction in
Lanes S chart review thoracenteses thoracenteses with analysis of US use, pneumothorax by 19% (OR, 0.81; CI, 0.74-0.90); pneumothorax
(2013)% pneumothorax, length of stay, and hospitalization cost occurrence found to increase hospital cost by $2801 (P < 0.001)
and length of stay by 1.5 days (P> 0.001)
Celik B, et al Retrospective 12,010 invasive Records of patients treated for iatrogenic 164 cases of iatrogenic pneumothorax were identified (1.36%);
(2009)? chart review procedures pneumothorax reviewed to determine causal highest risk procedures included central venous catheter insertion

procedure, location, service, treatment required, and
consequences

(43.8% of cases) and thoracentesis (20.1% of cases); 56.7% of
procedures causing pneumothorax were performed under emergency
conditions

Continued on page 272
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TABLE. Summary of Studies in Review, Organized by Topic (continued)

Topic Author (Year) Study Design  Participants (n)  Study Description or Intervention Results and Authors’ Conclusions
Intercostal artery Shurtleff Eand ~ Observational 29 cadavers Identify the course and tortuosity of the posterior The ICA is unshielded and most tortuous in its course near the
localization Olinger A cohort intercostal coronary artery (ICA) and its collaterals in - posterior midline, also demonstrating collaterals within the first
(20121 elderly cadavers using dissection 120 mm; age >60 was associated with higher rates of tortuosity;
recommend tall pleural procedures be performed >120 mm from
midline
Helm E, et al Retrospective 47 patients, Thoracic CT angiograms reformatted and analyzed ~ The ICA is often exposed in the IC space within the first 6 cm
(2013)* review 298 arteries to describe the course and variability in the ICAs and  lateral to the spine; artery course is more variable when age
the factors that may influence them >60 (coefficient 0.91, P < 0.001) and more cephalad rib spaces
(coefficient -2.60, P < 0.001); recommend all procedures be
performed lateral to 6 cm from the spine
Yoneyama H, Observational 33 patients 3D CT angiography was performed in elderly patients The ICA “percent safe space” was significantly higher at the lateral
etal (2010)® cohort to identify the ICA with calculation of the “percent position versus medial position (79.8% vs 61.2%; P < 0.0001); ICA
safe space” to quantify vulnerability of laceration tortuosity increased with age, but correlation was low (P = 0.0378;
during thoracentesis r=-0.3631)
Salamonsen M,  Prospective 22 patients Describe a method to visualize the ICA prior to US was able to identify the ICA in 74 of 88 positions examined;
etal (2012)* cohort thoracentesis using US, and calculate its location the ICA was noted to be most central within the IC space near the
relative to the overlying rib to identify a “vulnerable”  spine and migrated to lie under the rib more laterally; ICA location is
vessel variable and may be vulnerable even with a lateral approach
Salamonsen M, Prospective 50 patients Physicians evaluate the reliability of bedside US The sensitivity and specificity of portable US compared to CT was
etal (2013)%* cohort to identify the ICA in patients prior to planned CT 0.86 (0.18-0.91) and 0.30 (0.13-0.54) respectively; bedside US with
thoracic angiography as gold standard color flow Doppler is a reliable method for detection of a vulnerable IC
artery; exam added 42 seconds to the procedure time
Wraight W, et al ~ Observational 38 cadavers, Rib blocks dissected to identify the neurovascular The “safe zone” in the IC space is narrower than thought, and is
(2005)° cohort 62 rib blocks bundle and measure its relation to the inferior rib approximately 50%-70% of the way down an interspace to avoid the
border and attempt to describe a “safe zone” for variably positioned IC neurovascular bundle and collaterals
drain insertion
Pleural pressure Huggins Jand  Literature review  NA This review discusses pleural mechanics and Pleural pressure can be helpful in diagnosing pleural pathologies and
monitoring and  Doelken P pleural manometry including its role in re-expansion  may improve safely by avoiding REPE performing thoracentesis
large-volume (2006)*" pulmonary edema (REPE) and diagnosing of a
thoracentesis nonexpandable lung
Echevarria C, Systematic review 13 studies Literature review performed to determine the The incidence of REPE is 0%-1%; patients who have a lung collapsed
etal (2008)* prevalence of REPE after thoracentesis and >7 days, >3 L fluid drained, or are young appear to be at higher risk
associated risk factors for this complication
Sue R, etal Retrospective 7 patients on To investigate if clinical REPE is due to increased The average edema to plasma-fluid protein ratio was 0.58,
(2004)* mechanical permeability of the alveolar capillary barrier through  which supports increased alveolar permeability and a hydrostatic
ventilation analysis of pulmonary edema fluid and plasma mechanism as the cause of REPE
Feller-Kopman D, Prospective 185 thoracenteses  Patients undergoing thoracentesis with >1 L removed 1 patient developed REPE (0.5%); both clinical and radiographic
etal (2007)® cohort had volume drained, pleural pressure, elastance, REPE are rare and independent of volume removed, elastance, and
and presence of symptoms recorded; parameters pleural pressure; no need to stop drainage at 1 L if pleural pressure
compared with those who developed REPE is > -20 cm H,0 or symptoms absent
VillenaV,etal  Prospective 61 patients During therapeutic thoracentesis, pleural pressures  Measuring intrapleural pressure can allow large amounts of fluid to
(2000)°! cohort were measured to determine if they could predict be safely removed and reinforce a diagnosis of trapped lung; neither
the amount of fluid that could be safely removed or initial pressure nor pleural elastance after the first 500 mL removed
effusion etiology were predictive of fluid removed
Doelken P, etal  Prospective 40 patients To compare the agreement between an electronic Pleural manometry during lar-volume thoracentesis can prevent the
(2004)% cohort transducer and water manometer in measuring development of excessively negative pleural pressures; a simple
pleural pressures during thoracentesis water manometer correlated well with an electronic transducer (r =
0.97;P <0.001)
Feller-Kopman D Literature review ~ NA This review summarizes the relevant data for the The data regarding pleural US are sound enough to suggest its use
(2007)% use of US and manometry, and their use during should become standard of care; further research is required to
therapeutic thoracentesis define the role of formal manometry
Boshuizen R, Prospective 30 patients, 34 Manometry used to explore the relationship between 4 patients were identified as having a nonexpanding lung; total drop
etal (2013)* cohort procedures pleural pressure and a nonexpanded lung in patients in pleural pressure (P = 0.009), difference in pleural pressure with
with malignant effusions; compared with imaging to  respiration (P = 0.007), and pleural elastance (P = 0.002) were all
check lung expansion significantly associated with a nonexpanding lung
Pannu J, et al Retrospective 214 patients Chart review of thoracenteses performed with and The use of manometry did not reliably predict the change in chest
(2014)® chart review without manometry to assess for a correlation pain (P=0.12) or dyspnea (P = 0.24) during thoracentesis; similar
between intrapleural pressure and patient discomfort  results found in large-volume thoracentesis group
Feller-Kopman D, Prospective 169 patients Serial manometry performed during therapeutic Symptoms developed in 17% of patients; chest discomfort was
et al (2006)* cohort thoracentesis to explore the correlation between significantly associated with large drops in pleural pressure (P =
intrapleural pressure changes and symptom onset ~ 0.001), but opening pressure and total volume removed were not
Abunasser J. Retrospective 237 patients, 300  Charts reviewed of thoracenteses performed to 137 thoracenteses performed were large volume; no statistically
and Brown R chart review thoracenteses assess the risk of large-volume drainage (>1 L) significant difference in the risk of pneumothorax, hypotension, or
(2010)>" without manometry bleeding
Continued on page 273
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TABLE. Summary of Studies in Review, Organized by Topic (continued)

Topic Author (Year) Study Design  Participants (n)

Study Description or Intervention

Results and Authors’ Conclusions

Mynarek G, et al Retrospective

711 procedures in -~ Chart review performed of patients who underwent

US-guided thoracentesis is a safe procedure with a 2.8% rate of

(2004)%® chart review 371 patients US-guided thoracentesis to assess type and pneumothorax; no association with the amount of fluid removed (P
frequency of complications and associated risk = 0.096); authors recommend against postprocedure CXR in the
factors absence of symptoms

Josephson T, Prospective 471 patients, 735  US-guided therapeutic thoracenteses performed and A steep increase in pneumothorax rate noted when > 1.8 L fluid

et al (2009)* cohort thoracenteses effusions drained with no upper limit and without (OR, 3.8; Cl 1.28-11.2) and >2.3 L fluid (OR, 5.7; Cl, 1.30-24.7)
manometry; stratified by amount of fluid removed removed; amount of fluid removed also associated with higher risk
and pneumothorax rates analyzed for chest tube placement (P < 0.0001)
Heidecker J, Retrospective 367 patients Charts reviewed of US-guided thoracenteses Authors propose that the majority of pneumothoraces observed were
et al (2006)® chart review performed with goal of explaining mechanism of found to be related to unexpanded lung as opposed to direct trauma
pneumothoraces that occurred or entranced air, and cannot be avoided with manometry
Postprocedure  Jones P, et al Prospective 605 patients, 941  Thoracenteses performed in the radiology department The complication rates of pneumothorax (2.5%), hemothorax (0.2%),
imaging (2003)%2 cohort thoracenteses under US guidance were analyzed to determine the  and REPE (0.5%) were low for US-guided thoracenteses performed

incidence of complications

by interventional radiologists; these rates are less than the reported
rates for nonguided thoracentesis

Petersen W, et al Prospective 199 patients, 251

Physicians given questionnaire postprocedure rating

Pneumothorax rate was 2.7% when there was no concern for

(2000)% cohort thoracenteses their concern for complication with CXR obtained at ~ complication vs 30% when complication suspected; only procedural
doctor discretion; rate of pneumothorax risk factor associated with pneumothorax was aspiration of
air; recommend no CXR obtained unless clinical suspicion for
complication suspected
Sachdeva A, Literature review  NA Review of relevant literature pertaining to US Bedside US has utility throughout the pre-, intra-, and postprocedure

etal (2014)%
procedure service

exam techniques, thoracentesis, and an US-based

process. It is a viable option for use to detect postprocedure
pneumothorax and is more sensitive than CXR

Shostak E, etal  Prospective
(2013)% cohort

185 patients

Bedside US exam performed on patients prior to and 8 pneumothoraces identified by CXR, 7 of which were seen on
after pleural procedures to detect pneumothorax

bedside US; sensitivity was 88% and specificity 97%; bedside US is
a valuable tool to detect pneumothorax when a good quality scan is
obtained

NOTE: Abbreviations: CI, confidence interval; CT, computed tomography; CXR, chest x-ray; ICA, intercostal artery; IM, internal medicine; INR, international normalized ratio; MICU, medical intensive care unit; OR, odds ratio; REPE, re-ex-

pansion pulmonary edema; US, ultrasound.

Continued from page 269

correlated with an unexpandable lung include a negative
opening pressure*’ and large fluctuations in pressure during
the respiratory cycle.’*

While development of symptoms (eg, chest pain, cough,
or dyspnea) is often used as a surrogate, the correlation
between intrapleural pressure and patient symptoms is in-
consistent and not a reliable proxy.”® One study found that
22% of patients with chest pain during thoracentesis had
intrapleural pressures lower than -20 cm H,O compared
with 8.6% of asymptomatic patients,” but it is unclear if the
association is causal.

Thoracentesis is often performed for symptomatic relief
and removal of large fluid volume. However, it remains com-
mon to halt fluid removal after 1.5 L, a threshold endorsed
by BTS."” While some investigators have suggested that re-
moval of 2 L or more of pleural fluid does not compromise
safety,’”*8 a 4- to 5-fold rise in the risk of pneumothorax was
noted in 2 studies.’*® when more than 1.5 L of fluid was
removed. The majority of these may be related to pneumo-
thorax ex vacuo, a condition in which fluid is drained from
the chest, but the lung is unable to expand and fill the space
(eg, “trapped lung”), resulting in a persistent pneumotho-
rax. This condition generally does not require treatment.®
When manometry is employed at 200-mL intervals with ter-
mination at an intrapleural pressure of less than 20 mm H,0O,
drainage of 3 L or more has been reported with low rates
of pneumothorax and very low rates of REPE.**! However,
whether this is cause and effect is unknown because REPE

is rare, and more work is needed to determine the role of
manometry for its prevention.

POSTPROCEDURAL CONSIDERATIONS
Postprocedure Imaging

Performing an upright CXR following thoracentesis is a prac-
tice that remains routinely done by many practitioners to
monitor for complications. Such imaging was also endorsed
by the American Thoracic Society guidelines.®® However,
more recent data question the utility of this practice. Mul-
tiple studies have confirmed that post-thoracentesis CXR is
unnecessary unless clinical suspicion for pneumothorax or
REPE is present.’®%8626 The BTS guidelines also advocate
this approach.! Interestingly, a potentially more effective
way to screen for postprocedure complications is through
bedside US, which has been shown to be more sensitive
than CXR in detecting pneumothorax.® In 1 study of 185
patients, bedside US demonstrated a sensitivity of 88% and
a specificity of 97% for diagnosing pneumothorax in patients
with adequate quality scans, with positive and negative like-
lihood ratios of 55 and 0.17, respectively.®®

DISCUSSION

Thoracentesis remains a core procedural skill for hospital-
ists, critical care physicians, and emergency physicians. It is
the foundational component when investigating and treat-
ing pleural effusions. When the most current training, tech-
niques, and technology are used, data suggest this procedure
is safe to perform at the bedside. Our review highlights these
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strategies and evaluates which aspects might be most appli-
cable to clinical practice.

Our findings have several implications for those who per-
form this procedure. First, appropriate training is central to
procedural safety, and both simulation and direct observa-
tion by procedural experts have been shown by multiple
investigators to improve knowledge and skill. This training
should integrate the use of US in performing a focused tho-
racic exam.

Second, recommendations regarding coagulopathy and a
“safe cutoff” of an INR less than 1.5 or platelets greater than
50,000/uL had limited evidentiary support. Rather, multiple
studies suggest no difference in bleeding risk following thora-
centesis with an INR as high as 3.0 and platelets greater than
25,000/uL. Furthermore, prophylactic transfusion with fresh
frozen plasma or platelets before thoracentesis did not alter
bleeding risk and exposes patients to transfusion complica-
tions. Thus, routine use of this practice can no longer be rec-
ommended. Third, further research is needed to understand
the bleeding risk for patients on antiplatelet medications,
heparin products, and also direct oral anticoagulants, given
the growing popularity in their use and the potential con-
sequences of even temporary cessation. Regarding patients
on mechanical ventilation, thoracentesis demonstrated no
difference in complication rates vs. the general population,
and its performance in this population is encouraged when
clinically indicated.

Intraprocedural considerations include the use of bedside
US. Due to multiple benefits including effusion characteriza-
tion, puncture site localization, and significantly lower rates
of pneumothorax, the standard of care should be to perform
thoracentesis with US guidance. Both use of US to mark an
effusion immediately prior to puncture or in real time during
needle insertion demonstrated benefit; however, it is unclear
if 1 method is superior because no direct comparison stud-
ies were found. Further work is needed to investigate this
potential.

Our review suggests that the location and course of the
ICA is variable, especially near the midline, in the elder-
ly, and in higher intercostal spaces, leaving it vulnerable to
laceration. We recommend physicians only attempt thora-
centesis at least 6 cm lateral to the midline due to ICA tor-
tuosity and, ideally, 12 cm lateral, to avoid the presence of
collaterals. Although only 2 small-scale studies were found
pertaining to the use of US in identifying the ICA, we en-
courage physicians to consider learning how to screen for its
presence as a part of their routine thoracic US exam in the
area underlying the planned puncture site.

Manometry is beneficial because it can diagnose a non-
expandable lung and allows for pleural pressure monitor-
ing.”* A simple U-shaped manometer can be constructed
from intravenous tubing included in most thoracentesis kits,
which adds little to overall procedure time. While low rates
of REPE have been observed when terminating thoracen-
tesis if pressures drop below -20 cm H,O or chest pain de-
velops, neither measure appears to have reliable predictive

value, limiting clinical utility. Further work is required to
determine if a “safe pressure cutoff” exists. In general, we
recommend the use of manometry when a nonexpandable
(trapped) lung is suspected, because large drops in intrapleu-
ral pressure, a negative opening pressure, and respiratory
variation can help confirm the diagnosis and avoid pneumo-
thorax ex vacuo or unnecessary procedures in the future. As
this condition appears to be more common in the setting of
larger effusions, use of manometry when large-volume tho-
racenteses are planned is also reasonable.

Postprocedurally, routine imaging after thoracentesis is
not recommended unless there is objective concern for com-
plication. When indicated, bedside US is better positioned
for this role compared with CXR, because it is more sensitive
in detecting pneumothorax, provides instantaneous results,
and avoids radiation exposure.

Our review has limitations. First, we searched only for ar-
ticles between defined time periods, restricted our search to
a single database, and excluded non-English articles. This
has the potential to introduce selection bias, as nonprimary
articles that fall within our time restrictions may cite older
studies that are outside our search range. To minimize this
effect, we performed a critical review of all included studies,
especially nonprimary articles. Second, despite the focus of
our search strategy to identify any articles related to patient
safety and adverse events, we cannot guarantee that all rel-
evant articles for any particular complication or risk factor
were captured given the lack of more specific search terms.
Third, although we performed a systematic search of the lit-
erature, we did not perform a formal systematic review or
formally grade included studies. As the goal of our review
was to categorize and operationalize clinical aspects, this ap-
proach was necessary, and we acknowledge that the quality
of studies is variable. Lastly, we aimed to generate clinical
recommendations for physicians performing thoracente-
sis at the bedside; others reviewing this literature may find
or emphasize different aspects relevant to practice outside
this setting.

In conclusion, evaluation and treatment of pleural effu-
sions with bedside thoracentesis is an important skill for
physicians of many disciplines. The evidence presented in
this review will help inform the process and ensure patient
safety. Physicians should consider incorporating these rec-
ommendations into their practice.
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Hospital Medicine and Perioperative Care: A Framework for High-Quality,
High-Value Collaborative Care
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BACKGROUND: Hospitalists have long been involved in op-
timizing perioperative care for medically complex patients. In
2015, the Society of Hospital Medicine organized the Periop-
erative Care Work Group to summarize this experience and to
develop a framework for providing optimal perioperative care.

METHODS: The work group, which consisted of perioper-
ative care experts from institutions throughout the United
States, reviewed current hospitalist-based perioperative
care programs, compiled key issues in each perioperative
phase, and developed a framework to highlight essential el-
ements to be considered. The framework was reviewed and
approved by the board of the Society of Hospital Medicine.

RESULTS: The Perioperative Care Matrix for Inpatient Sur-
geries was developed. This matrix characterizes periop-
erative phases, coordination, and metrics of success. Ad-
ditionally, concerns and potential risks were tabulated. Key
questions regarding program effectiveness were drafted,
and examples of models of care were provided.

CONCLUSIONS: The Perioperative Care Matrix for Inpa-
tient Surgeries provides an essential collaborative frame-
work hospitalists can use to develop and continually improve
perioperative care programs. Journal of Hospital Medicine
2017;12:277-282. © 2017 Society of Hospital Medicine

Of the 36 million US hospitalizations each year, 22% are
surgical.! Although less frequent than medical hospitaliza-
tions, surgical hospitalizations are more than twice as costly.?
Additionally, surgical hospitalizations are on average longer
than medical hospitalizations.? Given the increased scrutiny
on cost and efficiency of care, attention has turned to opti-
mizing perioperative care. Hospitalists are well positioned to
provide specific expertise in the complex interdisciplinary
medical management of surgical patients.

In recent decades, multiple models of hospitalist involve-
ment in perioperative care have evolved across the United
States.”"” To consolidate knowledge and experience and to
develop a framework for providing the best care for surgi-
cal patients, the Society of Hospital Medicine organized the
Perioperative Care Work Group in 2015. This framework was
designed for interdisciplinary collaboration in building and
strengthening perioperative care programs.

METHODS

The Society of Hospital Medicine recognized hospital med-
icine programs’ need for guidance in developing collabo-
rative care in perioperative medicine and appointed the
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MD, MPH, Section of Hospital Medicine, Division of General Internal Medicine,
986435, University of Nebraska Medical Center, Omaha, NE 68198-6435;
Telephone: 402-559-6779; Fax: 402-559-8873; E-mail: rachel.thompson@
unmc.edu

Received: July 21, 2016; Revised: September 20, 2016; Accepted: October
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Perioperative Care Work Group in May 2015. Work group
members are perioperative medicine experts from US medi-
cal centers. They have extensive knowledge of the literature
as well as administrative and clinical experience in a variety
of perioperative care models.

Topic Development. Initial work was focused on review-
ing and discussing multiple models of perioperative care and
exploring the roles that hospital medicine physicians have
within these models. Useful information was summarized to
guide hospitals and physicians in designing, implementing,
and expanding patient-centric perioperative medicine ser-
vices with a focus on preoperative and postoperative care. A
final document was created; it outlines system-level issues in
perioperative care, organized by perioperative phases.

Initial Framework. Group members submitted written de-
scriptions of key issues in each of 4 phases: (1) preoperative,
(2) day of surgery, (3) postoperative inpatient, and (4) post-
discharge. These descriptions were merged and reviewed by
the content experts. Editing and discussion from the entire
group were incorporated into the final matrix, which high-
lighted (1) perioperative phase definitions, (2) requirements
for patients to move to next phase, (3) elements of care
coordination typically provided by surgery, anesthesiology,
and medicine disciplines, (4) concerns and risks particular
to each phase, (5) unique considerations for each phase, (6)
suggested metrics of success, and (7) key questions for de-
termining the effectiveness of perioperative care in an insti-
tution. All members provided final evaluation and editing.

Final Approval. The Perioperative Care Matrix for Inpa-
tient Surgeries (PCMIS) was presented to the board of the
Society of Hospital Medicine in fall 2015 and was approved
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for use in centering and directing discussions regarding
perioperative care.

Models of Care. The Perioperative Care Work Group sur-
veyed examples of hospitalist engagement in perioperative
care and synthesized these into synopses of existing models
of care for the preoperative, day-of-surgery, postoperative-in-
patient, and postdischarge phases.

RESULTS

Defining Key Concepts and Issues

Hospitalists have participated in a variety of perioperative
roles for more than a decade. Roles include performing in-
depth preoperative assessments, providing oversight to pre-
surgical advanced practice provider assessments, providing
inpatient comanagement and consultation both before and
after surgery, and providing postdischarge follow-up within
the surgical period for medical comorbidities.

Although a comprehensive look at the entire periopera-
tive period is important, 4 specific phases were defined to
guide this work (Figure). The phases identified were based
on time relative to surgery, with unique considerations as
to the overall perioperative period. Concerns and potential
risks specific to each phase were considered (Table 1).

The PCMIS was constructed to provide a single coher-
ent vision of key concepts in perioperative care (Table 2).
Also identified were several key questions for determining
the effectiveness of perioperative care within an institution

(Table 3).

Models of Care

Multiple examples of hospitalist involvement were collected
to inform the program development guidelines. The specif-
ics noted among the reviewed practice models are described
here.

Preoperative. In some centers, all patients scheduled for
surgery are required to undergo evaluation at the institu-
tion’s preoperative clinic. At most others, referral to the pre-
operative clinic is at the discretion of the surgical specialists,

TABLE 1. Concerns and Potential Risks Specific to Each Phase of Perioperative Period

Phase Concerns and Risks

Preoperative

Inadequate or nonstandardized communication and handoffs among providers

Unclear or contradictory information provided to patients before surgery
Failed communication regarding needs for additional testing or optimization

Unknown or incomplete medical history from patient or in records

Determination that patient is not optimized
Determination that surgery is not best option
Patient needs direction regarding alternatives

Inability to medically optimize patient in given time—send patient to surgery with increased risk or postpone surgery
Disagreement among providers as to whether patient is truly optimized

Day of surgery

Patient not medically optimized by time of arrival in operating room

Identification of previously unrecognized or new medical condition that requires further evaluation
Several transitions occur this day—careful attention to handoffs is essential

Postoperative inpatient

Clinical concerns, including surgical wound (dehiscence, inadequate healing, infection), bleeding (evaluation for hemostasis, need for reoperation), pain, nausea/

vomiting/constipation/ileus, venous thromboembolism, delirium, electrolyte derangement, atelectasis, hyperglycemia, hypoglycemia, anemia

Chronic disease decompensation
Unmasking of underlying disease

Inadequate or nonstandardized communication and handoffs among providers regarding patient’s progress and ongoing needs
Unclear follow-up instructions, including which team member is expected to manage abnormal findings or complications
Situations that require change in service (surgery to medicine) or level of service (floor to intensive care unit)

Poor postoperative recovery

Poor coordination of care

0Ongoing or postdischarge postoperative complications
Hospital readmissions

Postdischarge

Triaging management of postoperative or postdischarge complications to appropriate providers (surgical vs medical)
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TABLE 2. Perioperative Care Matrix for Inpatient Surgeries?®

Phases in the Perioperative Continuum

Postoperative Inpatient

Postdischarge

Preoperative Day of Surgery
Phase From time of decision to have surgery through ~ From preoperative preparation, through
definitions arrival in preoperative preparation area OR to PACU, to transfer to inpatient unit

From arrival in inpatient unit (acute care floor,
telemetry, or ICU) through hospital discharge

From hospital discharge through return
to function (includes time in nursing
care or rehabilitation facility until return
to preoperative living arrangement)

Requirements
for passing to

Standardized preoperative medical assessment
(may differ for elective, urgent, and emergent

Appropriate level of care identified for
post-PACU (ICU vs acute care floor)

Protocol-driven early interventions focused
on return to function (pain control, physical/

Resolution of any postoperative
complications

next phase surgeries) Clinical stability confirmed for appropriate ~0ccupational therapy, bowel/bladder function)  fransfer of information back to medical
Optimization of chronic medical conditions to care level Standardized approach to preventing home and primary medical providers
degree possible Crucial information is communicated complications (eg, venous thromboembolism,
Appropriate patient and family education with surgical site infection, delirium, bleeding)
shared decision-making Tailored patient/family education (anticipatory
Guideline-based testing, financial stewardship guidance for recovery, management of
expectations)
As needed, assessment for home safety (per
physical/occupational therapy) and for skilled
nursing/rehabilitation facility
Discharge planning coordination
Elements Surgical Team: determines if surgery is an Surgical Team: evaluates readiness for Surgical Team: provides general postoperative Surgical Team: postoperative follow-up
of care appropriate option, conducts consent process, ~ OR and implements postoperative orders,  care, including routine pain management, appointment
coordination and provides education on surgical process/ including hospital admission orders surgical site care, surgery-specific Hospital Medicine: ensures appropriate
by discipline  expectations Anesthesiology: evaluates readiness postoperative recovery, and discharge planning  medical follow-up, as needed, by
Anesthesiology: conducts airway assessment,  for OR, intraoperative monitoring and Hospital Medicine: manages chronic disease, primary care physician, skilled nursing
reviews readiness for surgery, and reviews interventions, PACU care to ensure acute decompensation, or new medical facility team, or hospital medicine
anesthesia options (may be performed day of hemodynamic stability, and adequate conditions; may serve as comanager, traditional  postdischarge clinic
surgery) pain control consultant, or, in some cases, primary service
Hospital Medicine: identifies medical issues Hospital Medicine: available to evaluate Anesthesiology: follows up intraoperative
that affect perioperative risk, ensures and manage acute decompensation or or PACU complications, provides advanced
optimization of underlying medical conditions,  new medical conditions that may arise postoperative pain management, and, in some
and provides anticipatory guidance settings, provides intensive care in surgical
intensive care unit
Metrics of Adequate patient preparation (patient report, OR efficiency (turnover time, time from Complication rates 30-day rate of readmissions (related
success measures of patient understanding) patient presentation to OR start) Rate of unanticipated return to OR and unrelated)

Use of preoperative services

Timely scheduling of preoperative clinic
appointment

Clinic efficiency (no-show rates, information
flow)

Judicious preoperative testing (no unnecessary
tests)

Patient-reported experience
Surgeon/provider satisfaction

OR delays and cancellations
OR complications
Reintubation rate

Floor transfer to ICU within 24 hours of
surgery
Patient-reported experience

Length of stay (observed-to-expected ratio)
Mortality index

Surgical Care Improvement Project and Value-
Based Purchasing metrics

University HealthSystem Consortium patient
safety indicators

Patient satisfaction

Clarity of patient education and discharge
instructions (patient report, measures of patient
understanding)

Postacute care needs and expenses
Surgery-specific metric (infection rate)

Timeliness of return to prior physical
function and/or return to work

“The perioperative care continuum encompasses care from the time the decision is made to have surgery to the time function returns after surgery. A myriad of transitions and complicated handoffs among several disciplines is involved
in every phase. Thus, it is imperative to have clear plans for coordination of and communication about services throughout the care continuum. This matrix is structured by phases of the perioperative continuum. It outlines requirements
for passing from one phase to the next, elements of care coordination, potential risks, unique considerations, and metrics associated with each phase. It concludes with suggested key questions that assist in designing perioperative

programs.

NOTE: Abbreviations: ICU, intensive care unit; OR, operating room; PACU, postanesthesia care unit.

who have been informed of the clinic’s available resourc-
es. Factors determining whether a patient has an in-person
clinic visit, undergoes a telephone-based medical evalua-
tion, or has a referral deferred to the primary care physician
(PCP) include patient complexity and surgery-specific risk.
Patients who have major medical comorbidities (eg, chron-
ic lung or heart disease) or are undergoing higher risk pro-
cedures (eg, those lasting >1 hour, laparotomy) most often
undergo a formal clinic evaluation. Often, even for a patient
whose preoperative evaluation is completed by a PCP, the
preoperative nursing staff will call before surgery to provide
instructions and to confirm that preoperative planning is
complete. Confirmation includes ensuring that the surgery
consent and preoperative history and physical examination
documents are in the medical record, and that all recom-

mended tests have been performed. If deficiencies are found,
surgical and preoperative clinic staff are notified.

During a typical preoperative clinic visit, nursing staff
complete necessary regulatory documentation requirements
and ensure that all items on the preoperative checklist are
completed before day of surgery. Nurses or pharmacists per-
form complete medication reconciliation. For medical eval-
uation at institutions with a multidisciplinary preoperative
clinic, patients are triaged according to comorbidity and
procedure. These clinics often have anesthesiology and hos-
pital medicine clinicians collaborating with interdisciplinary
colleagues and with patients’ longitudinal care providers (eg,
PCP, cardiologist). Hospitalists evaluate patients with co-
morbid medical diseases and address uncontrolled conditions
and newly identified symptomatology. Additional testing is
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TABLE 3. Key Questions for Determining Effectiveness of Perioperative Care in an Institution

Phase Key Questions
Preoperative How extensive a preoperative evaluation is medically necessary, and how is that determined?
What is the current process for preparing patients for surgery? Who is involved or should be involved? How will underlying medical issues be assessed and
optimized?
How is patient care coordinated, and how is communication ensured among providers? How are disagreements managed?
What is the rate or frequency of last-minute operating room cancellations and delays? What strategies are in place to optimize the preoperative process? How
else might the institution measure the value of preoperative assessments?
What planning can and should be done in anticipation of the perioperative course? How is this plan communicated to the patient, family members,
and providers?
Day of surgery How will pertinent information from the operating room be transferred to the intensive care unit or the acute care floor?

Is there a need for inpatient comanagement? How will this be determined?
What clinical conditions or situations determine whether the hospital medicine team or the surgical team should provide primary services once the patient is out

of the operating room?

For urgent cases, what methods are used to address preoperative medical stability and to implement risk reduction strategies?
Who is responsible for immediate care or triage when a new or an acute medical issue is identified during preoperative preparation or in the postanesthesia care

unit?

Postoperative inpatient

What process is or should be in place for accurate and efficient communication and handoffs?

What are the provider roles after surgery? How can the surgical team, anesthesiology, and medicine best collaborate and coordinate to provide optimal inpatient

care?

Regarding length of stay for the top 10 surgical procedures, how well does this hospital compare with its “peer” hospitals?
What other performance metrics are in most need of refinement?

How can discharge planning begin in the preoperative phase and be coordinated across the perioperative period? What elements of transition programs (eg,
BOOST [Better Outcomes by Optimizing Safe Transitions]) should be incorporated, and how?

What effective and innovative inpatient postoperative processes has the institution endorsed and actively supported?

Postdischarge

What standardized process and protocols are needed for communication and handoffs among providers?

What are the provider roles after surgery? How can the surgical team, anesthesiology, and medicine best collaborate and coordinate to provide

optimal patient care?

What instructions are provided to the patient? How and by whom?
What is the 30-day readmission rate for surgical patients? What are common causes? How can these be anticipated and prevented?

determined by evidence- and guideline-based standards. Pa-
tients receive preoperative education, including simple tem-
plate-based medication management instructions. Perioper-
ative clinicians follow up on test results, adjust therapy, and
counsel patients to optimize health in preparation for surgery.

Patients who present to the hospital and require urgent
surgical intervention are most often admitted to the surgical
service, and hospital medicine provides timely consultation
for preoperative recommendations. At some institutions,
protocols may dictate that certain surgical patients (eg, el-
derly with hip fracture) are admitted to the hospital medi-
cine service. In these scenarios, the hospitalist serves as the
primary inpatient care provider and ensures preoperative
medical optimization and coordination with the surgical
service to expedite plans for surgery.

Day of Surgery. On the day of surgery, the surgical team
verifies all patient demographic and clinical information,
confirms that all necessary documentation is complete (eg,
consents, history, physical examination), and marks the sur-
gical site. The anesthesia team performs a focused review
and examination while explaining the perioperative care
plan to the patient. Most often, the preoperative history and
physical examination, completed by a preoperative clinic
provider or the patient’s PCP, is used by the anesthesiologist
as the basis for clinical assessment. However, when informa-
tion is incomplete or contradictory, surgery may be delayed
for further record review and consultation.

Hospital medicine teams may be called to the pre-anesthesia
holding area to evaluate acute medical problems (eg, hyper-
tension, hyperglycemia, new-onset arrhythmia) or to give a
second opinion in cases in which the anesthesiologist disagrees
with the recommendations made by the provider who com-
pleted the preoperative evaluation. In either scenario, hospi-
talists must provide rapid service in close collaboration with
anesthesiologists and surgeons. If a patient is found to be suffi-
ciently optimized for surgery, the hospitalist clearly documents
the evaluation and recommendation in the medical record.
For a patient who requires further medical intervention before
surgery, the hospitalist often coordinates the immediate dispo-
sition (eg, hospital admission or discharge home) and plans for
optimization in the timeliest manner possible.

Occasionally, hospitalists are called to evaluate a pa-
tient in the postanesthesia care unit (PACU) for a new
or chronic medical problem before the patient is transi-
tioned to the next level of care. At most institutions, all
PACU care is provided under the direction of anesthesi-
ology, so it is imperative to collaborate with the patient’s
anesthesiologist for all recommendations. When a patient
is to be discharged home, the hospitalist coordinates outpa-
tient follow-up plans for any medical issues to be addressed
postoperatively. Hospitalists also apply their knowledge of
the limitations of non—intensive care unit hospital care to
decisions regarding appropriate triage of patients being ad-
mitted after surgery.
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Postoperative Inpatient. Hospitalists provide a 24/7 mod-
el of care that deploys a staff physician for prompt assessment
and management of medical problems in surgical patients.
This care can be provided as part of the duties of a standard
hospital medicine team or can be delivered by a dedicated
perioperative medical consultation and comanagement ser-
vice. In either situation, the type of medical care, comanage-
ment or consultation, is determined at the outset. As con-
sultants, hospitalists provide recommendations for medical
care but do not write orders or take primary responsibility
for management. Comanagement agreements are common,
especially for orthopedic surgery and neurosurgery; these
agreements delineate the specific circumstances and respon-
sibilities of the hospitalist and surgical teams. Indications for
comanagement, which may be identified during preopera-
tive clinic evaluation or on admission, include uncontrolled
or multiple medical comorbidities or the development of
nonsurgical complications in the perioperative period. In
the comanagement model, care of most medical issues is pro-
vided at the discretion of the hospitalist. Although this care
includes order-writing privileges, management of analgesics,
wounds, blood products, and antithrombotics is usually re-
served for the surgical team, with the hospitalist only provid-
ing recommendations. In some circumstances, hospitalists
may determine that the patient’s care requires consultation
with other specialists. Although it is useful for the hospital-
ist to speak directly with other consultants and coordinate
their recommendations, the surgical service should agree to
the involvement of other services.

In addition to providing medical care throughout a pa-
tient’s hospitalization, the hospitalist consultant is crucial
in the discharge process. During the admission, ideally in
collaboration with a pharmacist, the hospitalist reviews the
home medications and may change chronic medications.
The hospitalist may also identify specific postdischarge
needs of which the surgical team is not fully aware. These
medical plans are incorporated through shared responsibil-
ity for discharge orders or through a reliable mechanism for
ensuring the surgical team assumes responsibility. Final med-
ication reconciliation at discharge, and a plan for prior and
new medications, can be formulated with pharmacy assis-
tance. Finally, the hospitalist is responsible for coordinating
medically related hospital follow-up and handover back to
the patient’s longitudinal care providers. The latter occurs
through inclusion of medical care plans in the discharge
summary completed by the surgical service and, in complex
cases, through direct communication with the patient’s out-
patient providers.

For some patients, medical problems eclipse surgical care as
the primary focus of management. Collaborative discussion
between the medical and surgical teams helps determine if it
is more appropriate for the medical team to become the pri-
mary service, with the surgical team consulting. Such triage
decisions should be jointly made by the attending physicians
of the services rather than by intermediaries.

Postdischarge. Similar to their being used for medical
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problems after hospitalization, hospitalist-led postdischarge
and extensivist clinics may be used for rapid follow-up of
medical concerns in patients discharged after surgical admis-
sions. A key benefit of this model is increased availability
over what primary care clinics may be able to provide on
short notice, particularly for patients who previously did not
have a PCP. Additionally, the handover of specific follow-up
items is more streamlined because the transition of care is
between hospitalists from the same institution. Through the
postdischarge clinic, hospitalists can provide care through
either clinic visits or telephone-based follow-up. Once a pa-
tient’s immediate postoperative medical issues are fully sta-
bilized, the patient can be transitioned to long-term primary
care follow-up.

DISCUSSION

The United States is focused on sensible, high-value care.
Perioperative care is burgeoning with opportunities for im-
provement, including reducing avoidable complications, de-
veloping systems for early recognition and treatment of com-
plications, and streamlining processes to shorten length of
stay and improve patient experience. The PCMIS provides
the needed platform to catalyze detailed collaborative work
between disciplines engaged in perioperative care.

As average age and level of medical comorbidity increase
among surgical patients, hospitalists will increasingly be
called on to assist in perioperative care. Hospitalists have
long been involved in caring for medically complex surgical
patients, through comanagement, consultation, and preop-
erative evaluations. As a provider group, hospitalists have
comprehensive skills in quality and systems improvement,
and in program development across hospital systems nation-
wide. Hospitalists have demonstrated their value by focusing
on improving patient outcomes and enhancing patient en-
gagement and experiences. Additionally, the perioperative
period is fraught with multiple and complicated handoffs,
a problem area for which hospital medicine has pioneered
solutions and developed unique expertise. Hospital medicine
is well prepared to provide skilled and proven leadership in
the timely development, improvement, and expansion of
perioperative care for this increasingly older and chronically
ill population.

Hospitalists are established in multiple perioperative roles
for high-risk surgical patients and have the opportunity to
expand optimal patient-centric perioperative care systems
working in close concert with surgeons and anesthesiol-
ogists. The basics of developing these systems include (1)
assessing risk for medical complications, (2) planning for
perioperative care, (3) developing programs aimed at risk
reduction for preventable complications and early identifi-
cation and intervention for unavoidable complications, and
(4) guiding quality improvement efforts, including planning
for frequent handoffs and transitions.

As a key partner in developing comprehensive programs
in perioperative care, hospital medicine will continue to
shape the future of hospital care for all patients. The PC-
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MIS, as developed with support from the Society of Hospital
Medicine, will aid efforts to achieve the best perioperative
care models for our surgical patients.

Disclosures: Financial activities outside the submitted work: Drs. Pfeifer and Jaffer
report payment for development of educational presentations; Dr. Grant reports
payment for expert testimony pertaining to hospital medicine; Drs. Grant and Jaffer
report royalties from publishing; Drs. Thompson, Pfiefer, Grant, Slawski, and Jaffer
report travel expenses for speaking and serving on national committees; and Drs.
Slawski and Jaffer serve on the board of the Society of Perioperative Assessment and

Quality Improvement. The other authors have nothing to report.

References

1. Colby SL, Ortman JM. Projections of the Size and Composition of the U.S. Popula-
tion: 2014 to 2060 (Current Population Reports, P25-1143). Washington, DC:
US Census Bureau; 2014. https://www.census.gov/content/dam/Census/library/publi-
cations/2015/demo/p25-1143.pdf. Published March 2015. Accessed May 26, 2016.

2. Steiner C, Andrews R, Barrett M, Weiss A. HCUP Projections: Cost of Inpatient
Discharges 2003 to 2013 (Rep 2013-01). Rockville, MD: US Dept of Health and
Human Services, Agency for Healthcare Research and Quality; 2013. http://www.
hcup-us.ahrq.gov/reports/projections/2013-01.pdf. Published December 11, 2013.
Accessed May 26, 2016.

3. Auerbach AD, Wachter RM, Cheng HQ, et al. Comanagement of surgical pa-
tients between neurosurgeons and hospitalists. Arch Intern Med. 2010;170(22):
2004-2010.

4. Batsis JA, Phy MP, Melton L] 3rd, et al. Effects of a hospitalist care model on
mortality of elderly patients with hip fractures. ] Hosp Med. 2007;2(4):219-225.

5. Carr AM, Irigoyen M, Wimmer RS, Arbeter AM. A pediatric residency experi-
ence with surgical co-management. Hosp Pediatr. 2013;3(2):144-148.

6. Della Rocca GJ, Moylan KC, Crist BD, Volgas DA, Stannard JP, Mehr DR. Co-
management of geriatric patients with hip fractures: a retrospective, controlled,
cohort study. Geriatr Orthop Surg Rehabil. 2013;4(1):10-15.

10.

1.

12.

13.

15.

16.

17.

18.

19.

Fisher AA, Davis MW, Rubenach SE, Sivakumaran S, Smith PN, Budge MM.
Outcomes for older patients with hip fractures: the impact of orthopedic and geri-
atric medicine cocare. ] Orthop Trauma. 2006;20(3):172-178.

Friedman SM, Mendelson DA, Kates SL, McCann RM. Geriatric co-manage-
ment of proximal femur fractures: total quality management and protocol-driven
care result in better outcomes for a frail patient population. ] Am Geriatr Soc.
2008;56(7):1349-1356.

Huddleston JM, Long KH, Naessens JM, et al; Hospitalist-Orthopedic Team Trial
Investigators. Medical and surgical comanagement after elective hip and knee ar-
throplasty: a randomized, controlled trial. Ann Intern Med. 2004;141(1):28-38.
Mendelson DA, Friedman SM. Principles of comanagement and the geriatric frac-
ture center. Clin Geriatr Med. 2014;30(2):183-189.

Merli GJ. The hospitalist joins the surgical team. Ann Intern Med. 2004;141(1):
67-69.

Phy MP, Vanness DJ, Melton L] 3rd, et al. Effects of a hospitalist model on elderly
patients with hip fracture. Arch Intern Med. 2005;165(7):796-801.

Pinzur MS, Gurza E, Kristopaitis T, et al. Hospitalist-orthopedic co-management
of high-risk patients undergoing lower extremity reconstruction surgery. Orthope-

dics. 2009;32(7):495.

. Rappaport DI, Adelizzi-Delany ], Rogers KJ, et al. Outcomes and costs associated

with hospitalist comanagement of medically complex children undergoing spinal
fusion surgery. Hosp Pediatr. 2013;3(3):233-241.

Rappaport DI, Cerra S, Hossain ], Sharif I, Pressel DM. Pediatric hospitalist
preoperative evaluation of children with neuromuscular scoliosis. ] Hosp Med.
2013;8(12):684-688.

Roy A, Heckman MG, Roy V. Associations between the hospitalist model of care
and quality-of-care-related outcomes in patients undergoing hip fracture surgery.
Mayo Clin Proc. 2006;81(1):28-31.

Sharma G, Kuo YE Freeman ], Zhang DD, Goodwin JS. Comanagement of hospi-
talized surgical patients by medicine physicians in the United States. Arch Intern
Med. 2010;170(4):363-368.

Simon TD, Eilert R, Dickinson LM, Kempe A, Benefield E, Berman S. Pedi-
atric hospitalist comanagement of spinal fusion surgery patients. ] Hosp Med.
2007;2(1):23-30.

Whinney C, Michota E Surgical comanagement: a natural evolution of hospitalist

practice. ] Hosp Med. 2008;3(5):394-397.

282 An Official Publication of the Society of Hospital Medicine

Journal of Hospital Medicine Vol 12 | No 4 | April 2017



SPECIAL ARTICLE

Updating the Core Competencies in Hospital Medicine—2017 Revision:
Introduction and Methodology

Satyen Nichani, MD'*, Jonathan Crocker, MD?, Nick Fitterman, MD?, Michael Lukela, MD'

"University of Michigan Medical School, Ann Arbor, Michigan; ?Harvard Medical School, Boston, Massachusetts,; Hofstra Northwell School

of Medicine, New Hyde Park, New York.

In 2006, the Society of Hospital Medicine (SHM) first pub-
lished The Core Competencies in Hospital Medicine: A Frame-
work for Curricular Development (henceforth described as the
Core Competencies) to help define the role and expecta-
tions of hospitalists.? The Core Competencies provided
a framework for evaluating clinical skills and professional
expertise within a rapidly developing field and highlight-
ed opportunities for growth. Since the initial development
and publication of the Core Competencies, changes in the
healthcare landscape and hospitalist practice environment
have prompted this revision.

Over the past decade, the field of hospital medicine has
experienced exponential growth. In 2005, just over 16,000
hospitalists were practicing in the United States. By 2015,
that number had increased to an estimated 44,000 hospi-
talists, accounting for approximately 6% of the physician
workforce.” Hospitalists have expanded the scope of hospital
medicine in many ways. In their roles, hospitalists lead and
participate in hospital-based care models that emphasize in-
terprofessional collaboration and a focus on the delivery of
high-quality and cost-effective care across a variety of clini-
cal domains (eg, the Choosing Wisely initiative).* They are
also engaged in patient safety and quality initiatives that are
increasingly being used as benchmarks to rate hospitals and
as factors for hospital payment (eg, Hospital Inpatient Val-
ue-Based Purchasing Program).’ In fact, the American Board
of Internal Medicine (ABIM) created a Focused Practice in
Hospital Medicine Maintenance of Certification program
in response to the growing number of internists choosing to
concentrate their practice in the hospital setting. This de-
cision by the ABIM underscores the value that hospitalists
bring to improving patient care in the hospital setting. The
ABIM also recognizes the Core Competencies as a curricular
framework for a focused practice in hospital medicine.®

Changes within the educational environment have de-
manded attentive and active participation by many hos-
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pitalists. For example, in 2012, the Accreditation Council
for Graduate Medical Education (ACGME) introduced the
Milestones Project, a new outcomes-based framework de-
signed to more effectively assess learner performance across
the 6 core competencies.” These milestones assessments cre-
ate intentional opportunities to guide the development of
physicians during their training, including in the inpatient
environments in which hospitalists practice. Where appli-
cable, existing Core Competencies learning objectives were
compared with external sources such as the individual AC-
GME performance milestones for this revision.

THE CORE COMPETENCIES
The Core Competencies focus on adult hospital medicine.
The Pediatric Hospital Medicine Core Competencies are
published separately.® Importantly, the Core Competencies
document is not intended to define an absolute set of clin-
ical, procedural, or system-based topics described in text-
books or used by graduate medical education training pro-
grams. It does not define or limit the scope of the practice
of hospital medicine. Rather, the Core Competencies serve
as measurable learning objectives that encourage teaching
faculty, practicing hospitalists, and administrators to devel-
op individual skill sets and programs to improve patient care
contextualized to the needs of an individual, care setting, or
institution. To permit this flexibility, individual chapter-spe-
cific objectives are intentionally general in nature. Finally,
the Core Competencies document is not a set of practice
guidelines, nor does it offer any representation of a “standard
of care.” Readers are encouraged to explore the article by
McKean et al.’ to review examples of application of the Core
Competencies and suggestions for curricular development.
The purpose of this article is to describe the criteria for
inclusion of new chapters in the Core Competencies and
the methodology of the review and revision process. It out-
lines the process of initial review and editing of the existing
chapters; needs assessment for new topics; new chapter pro-
duction; and the process of review and revision of individual
chapters to create the complete document. The revised Core
Competencies document is available online at http://www.
journalofhospitalmedicine.com.

REVIEW AND REVISION PROCESS
In 2012, the Society of Hospital Medicine (SHM) Educa-
tion Committee created a Core Competencies Task Force

(CCTF) in response to the SHM Board of Directors’ charge

An Official Publication of the Society of Hospital Medicine

Journal of Hospital Medicine Vol 12 | No 4 | April 2017 283



Nichani et al | Updating the Core Competencies

TABLE 1. Topics Considered for Inclusion in the
2017 Revision of the Core Competencies in Hospital
Medicine

Section 1: Clinical Conditions

1. Acute Diarrhea

. Acute Pancreatitis

. Acute Poisoning and Drug Toxicity
. Anemia and Transfusion Medicine
. Cirrhosis

. Depression and Suicidal Attempt
. Fever of Unknown Origin

. Hypertensive Crisis

© o N o O B~ W N

. Hyponatremia
10. Sickle Cell Disease
11. Syncope

Section 2: Procedures

1. Arterial Blood Gas Interpretation
. Nasogastric Intubation
. Point-of-Care Ultrasonography

. Urinary Catheterization

o B~ W N

. Urine Microscopy Interpretation

Section 3: Healthare Systems

1. Remote Monitoring and Evaluation (Telemedicine)

2. Research

that it review and update the initial Core Competencies
document. The CCTF comprised of 5 physician SHM Edu-
cation Committee members and one SHM staff representa-
tive. CCTF membership included hospitalists with an inter-
est and familiarity with the Core Competencies document.
The SHM Education Committee nominated the CCTF
chair, who determined the optimal size, qualifications, and
composition of the task force with approval from the Com-
mittee. The CCTF communicated through frequent con-
ference calls and via e-mail correspondence to conduct an
initial review of the existing chapters and to perform a needs
assessment for new topics.

Individual Chapter Review

The SHM Education Committee provided critical input and
approved the chapter review process designed by the CCTF
(Figure). The CCTF reviewed each chapter of the Core
Competencies document to assess its continuing relevance
to the field of hospital medicine with a standardized tool
(Appendix 1). The process required that at least 2 CCTF
members reviewed each chapter. Preliminary reviewers as-
sessed the current relevance of each chapter, determined
whether individual learning objectives required additional
investigation or modification, and developed new learning
objectives to fill any educational gaps. All CCTF members
then discussed assimilated feedback from the initial CCTF
review, using consensus decision making to determine chap-

ter changes and modifications. The CCTF found each of the

existing chapters to be relevant to the field and identified
none for removal.

The CCTF rewrote all chapters. It then disseminated
proposed chapter changes to a panel of diverse independent
reviewers to solicit suggestions and comments to ensure a
multidisciplinary and balanced review process. Independent
reviewers included authors of the original Core Compe-
tencies chapters, invited content experts, and members of
the SHM Education Committee. When appropriate, corre-
sponding SHM Committees reviewed individual chapters
for updates and revisions. For example, the SHM Hospital
Quality and Patient Safety Committee reviewed the chapters
on patient safety and quality improvement, and the SHM
Practice Management Committee reviewed the chapter on
management practices. Four CCTF section editors managed
an independent portfolio of chapters. Each CCTF section
editor assimilated the various draft versions, corresponded
with individual reviewers when necessary, and compiled the
changes into a subsequent draft. This process ensured that
the final version of every chapter reflected the thoughtful in-
put from all parties involved in the review. Throughout the
process, the CCTF used consensus decision making to adju-
dicate chapter changes and modifications. The 2006 Core
Competencies Editorial team also reviewed the revision and
provided critical input. The SHM Education Committee
and the SHM Board of Directors reviewed and approved the
final version of the Core Competencies document.

Needs Assessment and Selection of New Core
Competency Chapters

The CCTF issued a call for new topics to the members of
the SHM Education Committee for inclusion in the Core
Competencies. Topics were also identified from the follow-
ing sources: the top 100 adult medical diagnoses at hospital
discharge in the Healthcare Cost and Utilization Project da-
tabase in 2010; topics in hospital medicine textbooks; cur-
ricula presented at the 3 most recent SHM annual meetings;
and responses from SHM annual meeting surveys. Table 1
lists the topics considered for addition.

Members of the SHM Education Committee rated each
of the potential topics considered for inclusion based on the
following characteristics: relevance to the field of hospital
medicine; intersection of the topic with medical subspecial-
ties; and its appropriateness as a separate, stand-alone chap-
ter. In addition, topics more frequently encountered by hos-
pitalists, those deemed clinically important with a known
risk of complications or management inconsistencies, and
those with significant opportunities for quality improvement
initiatives carried more weight. Syncope and hyponatremia
were the only 2 clinical conditions identified that met all of
the inclusion criteria. No additional topics met the criteria
for new chapter development in the Procedures or Health-
care Systems sections. The SHM Education Committee
identified the use of point-of-care ultrasonography as an im-
portant advancement in the field. Where appropriate, the in-
dividual procedure chapters now include a new competency-
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based objective highlighting its role. In addition, a separate
SHM task force is working to develop a practice guideline
for the use of point-of-care ultrasonography by hospitalists.

Contributors

The SHM Education Committee determined authorship for
the new chapters (syncope and hyponatremia). It assigned 2
CCTF members with content expertise and familiarity with
the Core Competencies to each author one chapter. Giv-
en the limited number of new chapters, it made a decision
to develop the content internally rather than through an
open-call for authorship nominations to practicing SHM
members. The authors made an effort to maintain consis-
tency with the educational theory used to develop the ini-
tial Core Competencies. Each of the new topics underwent
rigorous review as previously described, including additional
independent reviews by hospitalists with content expertise
in these areas.

CHAPTER FORMAT AND CONTENT CHANGES

Following the same format as the earlier version, the 2017
Core Competencies revision contains 53 chapters, divid-
ed into 3 sections—Clinical Conditions, Procedures, and
Healthcare Systems (Table 2) —all integral components of
the practice of hospital medicine. The design allows individ-

Updating the Core Competencies | Nichani et al

ual chapters to stand alone. However, each chapter should
be considered in the context of the entire document because
a particular concept may be only briefly discussed in one
chapter, but described in greater depth in another given the
potential overlap across topics.

The chapters maintain the same content structure as the
original version. Each chapter begins with an introductory
paragraph followed by a list of competency-based objectives
grouped in subsections according to the educational theory
of learning domains: cognitive (knowledge), psychomotor
(skills), and affective (attitudes).’® In addition, a subsection
for System Organization and Improvement is included in
the Clinical Conditions and Procedure chapters to empha-
size the importance of interprofessional collaboration for op-
timal patient care. These subsections were not included in
the Healthcare Systems chapters, as system organization and
improvement is intrinsic to these subjects.

The introductory paragraph provides background infor-
mation and describes how the chapter remains relevant to
the current practice of hospital medicine. Individual com-
petency-based objectives outline a relevant concept and ex-
pected level of proficiency as defined by Bloom’s taxonomy.!°
New objectives reflect changes in the healthcare landscape
over the past decade or further enhance each chapter’s con-
cepts. Chapter authors made an effort to develop chapter

Creation of the Society of Hospital Medicine (SHM)
Core Competencies Task Force (CCTF)

Critical input and approval of the Core Competencies revision
process by the SHM Education Committee

CCTF review of individual Core Competencies (chapters)
by CCTF members using a standardized tool

e N

Review of individual chapters by SHM Review of individual chapters by the original
Education Committee members 2006 chapter authors and/or invited experts

Review of individual Core Competencies Health | | Critical input and general review of the Core
Systems chapters by SHM Committees Competencies by the 2006 editorial team

—

S

CCTF Section Editor
(correspondence with multiple reviewers, compilation
and reconciliation of changes, and chapter rewrites)

CTF used consensus decision making
to determine chapter changes

and modifications

CCTF review of the 2017 Core Competencies compendium

Review and final approval of the Core Competencies 2017
Revision by the SHM Education Committee

Final approval of the Core Competencies 2017
Revision by the SHM Board of Directors

FIG. The chapter review process.
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TABLE 2. The Core Competencies in Hospital Medicine—2017 Revision: List of Chapters?

Section 1: Clinical Conditions

Section 2: Procedures

Section 3: Healthcare Systems

1. Acute Coronary Syndrome 1. Arthrocentesis 1. Care of the Older Patient

2. Acute Kidney Injury 2. Chest Radiograph Interpretation 2. Care of Vulnerable Populations

3. Alcohol and Drug Withdrawal 3. Electrocardiogram Interpretation and Telemetry Monitoring 3. Communication

4. Asthma 4. Emergency Procedures 4. Diagnostic Decision Making

5. Cardiac Arrhythmia 5. Lumbar Puncture 5. Drug Safety, Pharmacoeconomics, and Pharmacoepidemiology
6. Chronic Obstructive Pulmonary Disease 6. Paracentesis 6. Equitable Allocation of Resources

7. Community-Acquired Pneumonia 7. Thoracentesis 7. Evidence-Based Medicine

8. Heart Failure 8. Vascular Access 8. Hospitalist as Educator

9. Delirium and Dementia 9. Information Management

10. Diabetes Mellitus
1

—y

. Gastrointestinal Bleed

12. Hospital-Acquired Pneumonia

13. Hyponatremia

14. Pain Management

15. Perioperative Medicine

16. Sepsis Syndrome

17. Skin and Soft Tissue Infections
18. Stroke

19. Syncope

20. Urinary Tract Infection

21. Venous Thromboembolism

10. Leadership
1

—y

. Management Practices

12. Medical Consultation and Comanagement

13. Nutrition and the Hospitalized Patient

14. Palliative Care

15. Patient Education
16. Patient Handoff
17. Patient Safety

18. Practice-Based Learning and Improvement

19. Prevention of Healthcare—Associated Infections and
Antimicrobial Resistance

20. Professionalism and Medical Ethics

21. Quality Improvement

22. Risk Management

23. Team Approach and Multidisciplinary Care

24, Transitions of Care

“New topics are italicized.

TABLE 3. Highlighted Changes in the 2017 Revision
of the Core Competencies in Hospital Medicine

Two additional clinical chapters

© Hyponatremia

® Syncope

Chapters with more substantive updates compared to the others

* Delirium and Dementia
 Hospital-Acquired Pneumonia
® Palliative Care

 Quality Improvement

o Transitions of Care

Chapter name changes

New Name Previous Name

Acute Kidney Injury Acute Renal Failure
Skin and Soft Tissue Infections Cellulitis

Heart Failure Congestive Heart Failure
Electrocardiogram Interpretation and Telemetry Monitoring  Electrocardiogram Interpretation
Care of the Older Patient Care of the Elderly Patient
Medical Consultation and Comanagement Hospitalist as Consultant

Hospitalist as Educator Hospitalist as Teacher

and learning objective concepts that are consistent with
external resources such as the ACGME Milestones Project
and practice guideline objectives developed by a variety of
professional organizations.

SUMMARY AND FUTURE DIRECTIONS
The Core Competencies document serves as a resource for
hospitalists and hospital medicine programs to evaluate,
develop, and improve individual and collective skills and
the practice environment. The Core Competencies also
provide a framework for medical school clerkship directors
and residency and fellowship program directors, as well as
course directors of Continuing Medical Education programs,
to develop curricula to enhance educational experiences
for trainees and hospital medicine providers. The updates
in every chapter in this revision to the Core Competencies
reflects the changes in the healthcare landscape and hos-
pitalist practice environment over the past decade, and we
encourage readers to revisit the entire compendium. Table 3
highlights some of the salient changes in this revision.
Hospital medicine continues to evolve as a specialty. The
Core Competencies define hospitalists as agents of change
and foster the development of a culture of safe and effective
patient care within the hospital environment. Although the
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CCTF hopes that the Core Competencies will preserve their
relevance over time, it recognizes the importance of their
periodic reevaluation and adaptation. Additionally, SHM
developed the Core Competencies primarily for physicians
practicing as hospitalists. As the number of physician assis-
tants and nurse practitioners engaged in the practice of hos-
pital medicine increases, and hospital medicine expands into
nontraditional specialties such as surgical comanagement, it
may be necessary to consider the development of additional
or separate Hospital Medicine Core Competencies tailored
to the needs of these subsets of clinicians.
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UTSouthwestern

Medical Center
Division of Nephrology

The University of Texas Southwestern Nephrology Fellowship
welcomes applicants for an open fellowship position for the
upcoming academic year starting July 1, 2017.

Our program has maintained an extraordinary history of training
individuals who become leaders in the field of nephrology.

We provide comprehensive training in clinical nephrology and
research. A 2 year clinical track or 3-4 year research track is
available. Program highlights include an exposure to a wide breadth
of nephrology provided by the county, university, and VA teaching
hospitals. Our peritoneal dialysis and glomerulonephritis patient
populations are much larger than most other fellowship programs
in the country. Elective experiences are available in renal pathology,
interventional nephrology, transplant immunology lab, vascular
access surgery, apheresis, and urology. Lastly, we have the first
AST certified renal transplant fellowship in Texas.

Candidates must have passed all USMLE steps and have completed
an ACGME certified internal medicine residency. Unfortunately the
medical school does not sponsor H-1 visas. Interested applicants
should contact the Program Director, Kamalanathan Sambandam
at ksambandam@utsouthwestern.edu

Please view our website for complete program information:
http://www.utsouthwestern.edu/education/medical-school/
departments/internal-medicine/divisions/nephrology/fellowship/
index.html

AFFILIATED WITH

"
Beth Isracl Deaconess
) Medical Center

EFHCHA Sanbridee

Hospitalist/Nocturnist Opportunities

Cambridge Health Alliance (CHA) is a well respected, nationally
recognized and award-winning public healthcare system, which receives
recognition for clinical and academic innovations. Our system is
comprised of three campuses and an integrated network of both primary
and specialty care practices in Cambridge, Somerville and Boston’s
Metro North Region. CHA is a teaching affiliate of both Harvard
Medical School (HMS) and Tufts University School of Medicine and
opportunities for teaching medical students and residents are plentiful.

We are currently recruiting BC/BE Hospitalist/Nocturnist to join
our division of approximately 20 physicians to cover inpatient services
at both our Cambridge and Everett campuses. This position has

both day and night clinical responsibilities. Ideal candidates with be
FT (will consider PT), patient centered, posses excellent clinical/
communication skills and demonstrate a strong commitment to work
with a multicultural, underserved patient population. Experience and
interest in performing procedures, as well as resident and medical
student teaching is preferred. All of our Hospitalists/Nocturnist hold
academic appointments at Harvard Medical School. At CHA we offer
a supportive and collegial environment, a strong infrastructure, a fully
integrated electronic medical record system (EPIC) and competitive
salary/benefits package.

Please send CV’s to Deanna Simolaris, Department of Physician
Recruitment, Cambridge Health Alliance, 1493 Cambridge Street,
Cambridge, MA 02139, via e-mail: dsimolaris@challiance.org, via fax
(617) 665-3553 or call (617) 665-3555. www.challiance.org. We are
an equal opportunity employer and all qualified applicants will receive
consideration for employment without regard to race, color, religion,
sex, sexual orientation, gender identity, national origin, disability status,
protected veteran status, or any other characteristic protected by law.

DIVISION HEAD OF HOSPITAL MEDICINE

The Henry Ford Medical Group (HFMG), one of the largest multispecialty group practices in the country, is seeking a highly
qualified applicant to serve as Division Head in its Division of Hospital Medicine. With nearly 30 years of experience in Hospital
Medicine, HFMG established a separate Division of Hospital Medicine in 2008, and is the largest Division in the Department of
Medicine with over 50 hospitalist and palliative medicine faculty serving at three different hospitals.

==

e m=

Reporting to the Chair of Medicine, and in collaboration with hospital leaders and an experienced divisional leadership team, the

Division Head will be responsible for the strategic direction, management, standardization, and coordination of the multi-site Division

including:

* helping manage the continued expansion of the Divisional clinical enterprise

* recruitment, retention, and development of high quality clinical faculty

« continue the division’s successful navigation of the value driven healthcare environment

* serve as a resource for Henry Ford Health System (HFHS) initiatives including observation medicine, physician advising, use of
information technology, value based care, and improved patient experience

This is an excellent leadership opportunity with continued professional growth in a strong hospitalist group committed to the
development of high quality hospitalists. The Division continues to be a leader in HFHS efforts to promote systemic integration/
alignment, clinical excellence, innovation, and value in an accountable care environment.

The successful candidate will be ABIM certified (preference Internal Medicine with a Focused Practice in Hospital Medicine) and
have at least 7 years of hospitalist practice experience with progressive proven leadership skills in a large hospitalist program
preferably in an integrated healthcare organization. Strong clinical and communication skills are essential. Significant experience
with quality and care management initiatives, operational management, as well as medical education are also desired.

Generous group practice benefits are provided including: vacation, CME time/allowance, insurance (life/disability/malpractice),
and retirement package. A faculty appointment at Wayne State University School of Medicine is available commensurate with prior
experience.

Review of applications will begin immediately and continue until the position is filled. Please submit your letter of interest and cv
to Dr. Kimberly Baker-Genaw, Vice Chair of Medicine, in ¢/o Scott Johnson, Senior Physician Recruiter, at sjohns10@hths.org. For a
detailed position description, please visit: http:/p.rfer.us/HENRYFORDIHH1rb.

Henry Ford Health System is committed to the hiring, advancement and fair treatment of all individuals without regard to race, color,
national origin, sex, sexual orientation, age, disability, religion, weight/height, marital status, familial status, veteran status or any
other characteristic protected by law.
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White Plains Hospital has a reputation for both clinical excellence and outstanding
personalized care. The state-of-the-art hospital is a twelve-time winner of the
Consumer Choice Award, an honor given to the nation’s top hospitals by the National
Research Corporation, and received Magnet re-designation in 2016 from the the
American Nurses Credentialing Center (ANCC). It is also the only hospital in New York
State to be included by Soliant Health in its 20 Most Beautiful Hospitals in the United
States for 2016.

Our expanding Adult Hospitalist Program is seeking exceptional candidates interested
in Full Time Day and Night positions. Candidates must be BC/BE in Internal Medicine
and have the ability to work well in a professional, collegial atmosphere.

« Ranked by CNN Money as one of the best cities to live in

« Only 25 minutes north of New York City

« Hospitalists are employed by the hospital/ICU covered by Intensivists

« Competitive salary including employment and incentive bonus programs, paid
vacation & paid CME

« Comprehensive benefits include: health/dental/vision, paid malpractice,
403(b)plan

« State-of the-art electronic medical records system

If you are interested in joining a professional and dynamic team of 30 Hospitalists in an
award winning facility, please send your CV to:

Attn: David Bigham, H.R. Director
E-mail: hospitalistewphospital.org
White Plains Hospital, 41 East Post Road, White Plains, NY 10601

Fax: 914-681-2590
v v White Plains Hospital

Exceptional, every day.

www.wphospital.org

EOE M/F

Hospitalists

ez\) MEDJOBNETWORK.com
" atlelell

Physician ® NP/PA Career Center

The first mobile job board
for Physicians, NPs, and PAs

access
MedJobNetwork.com on the go
from your smartphone or tablet

search for jobs by specialty, job title,

geographic location, employers, /
and more o / M
Il | A
Scan this QR code ‘
to access the y B
mobile version of £

MedJobNetwork.com

To advertise online contact: Linda Wilson

p 973-290-8243 P Iwilson@frontlinemedcom.com

Minnesota and Wisconsin

and outdoor recreation.

convenient connections to metro area support.

Be part of something bigger at HealthPartners, where we focus on health as it could be, affordability as it must be, and relationships
built on trust. HealthPartners Medical Group (HPMG) is a large, nationally recognized multi-specialty physician practice, based at
clinics and hospitals throughout metropolitan Minneapolis/St. Paul, central Minnesota and western Wisconsin.

Our Hospital Medicine Department is seeking BC/BE IM or FM physicians to work in our high functioning, multi-disciplinary team
environment. Whether you seek an urban, suburban, semi-rural or rural community practice, HPMG has a variety of opportunities
within thriving family-oriented communities with top school systems, healthy economies, sports and theatre and bountiful lakes

= Regions Hospital is our tertiary hospital and regional referral center in St. Paul. We are a major teaching affiliate for the
University of Minnesota with a dedicated Hospital Medicine Pathway in their residency program.

* We are nocturnist-supported and have additional nocturnist opportunities available with pay differentials.
* We have a strong Advanced Practice Provider (APP) team and a dedicated APP fellowship training program.

* We have ample opportunities to expand your professional interests in palliative care, community hospital medicine, surgical
co-management, telemedicine, research, quality improvement and medical education.

* Our hospital locations in western Wisconsin's beautiful St. Croix River Valley offer community-based practices with

= Our scheduling system offers flexibility, allowing for travel, CME and a good work-life balance.

* We offer a generous, competitive compensation and benefits package and an exciting practice within a prestigious,

respected healthcare organization.

Apply online at healthpartners.com/careers or email your CV, cover
letter and references directly to lori.m.fake@healthpartners.com.
For more details, contact: Department Chair Jerome Siy, M.D., SFHM
or Lori Fake at 800-472-4695, x1. H-1B visa eligible. EOE

‘0 » HealthPartners:

healthpartners.com




TO ADVERTISE

IN THE

JOURNAL OF
H OSP’ TAL ME DI CINE and boasts a wide variety of outdoor activities, including boating,

CONTACT

Heather Gentile,

Phone: 973-290-8259

E-mail: hgentile@frontlinemedcom.com fax 207/755-5854.

OR

Linda Wilson,

Phone: 973-290-8243

Hospitalist - Maine

Hospitalist position in Picturesque Bridgton, Maine: Bridgton
Hospital, part of the Central Maine Medical Family, seeks a BC/
BE Internist to join its well-established Hospitalist program.
Candidates may choose part-time (7/8 shifts/month) to full-time
(15 shifts/month) position. Located 45 miles west of Portland,
Bridgton Hospital is located in the beautiful Lakes region of Maine

kayaking, fishing, and skiing. Benefits include medical student
loan assistance, competitive salary, highly qualified colleagues and
excellent quality of life. For more information visit our website at
www.bridgtonhospital.org.

Interested candidates should contact Julia Lauver,
CMMC Physician Recruitment, 300 Main Street, Lewiston, ME
04240; email LauverJu@cmhc.org; call 800/445/7431;
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E-mail: Iwilson@frontlinemedcom.com MEDIC INE

La'Crosse is a historic, vib) “lty nestled

‘between bluffs and the Ié*naary
MISSISSIppI River.The reglomaoa"sts great
Z ear-round outdoor recreation, excellent
“ischoolsincluding three’dﬁlverSItles,
affordable housmg in safe nelghborhoods,
““an endléss varlety of live eﬁtertalnment
" dhd breathtakingbeauty,’ ma’kmg this a
;' greht place to czi|l ho;ne

Gunde enJ,u(‘I}man Med«:al C

WHERE A LANDSCAPE OF OPPORTUNITIES AWAITS
FM OR IM TRAINED HOSPITALISTS

A work environment and schedule sustainable for your entire career

Gundersen Health System in La Crosse, Wl is an award winning, physician-led,
integrated health system, employing nearly 500 physicians. Gundersen is seeking
BC/BE IM and FM physicians to join its established hospitalist team.

Practice highlights:

7 on 7 off schedule

- Team established in 2002 with high retention rate and growth

- Rotate though all internal medicine hospital services: observation unit, inpatient
admissions, consults, night float

- 26-member internal medicine hospitalist team comprised of 16 physicians and
10 associate staff

« Primary responsibility will be adult inpatient care

- Manageable daily census

- Direct involvement with teaching family medicine or internal medicine residents

- Competitive compensation and benefits package, including loan forgiveness

Visit gundersenhealth.org/MedCareers

Send CV to Kalah Haug

Medical Staff Recruitment

kjhaug@gundersenhealth.org

or (608) 775-1005 GUNDERSEN
| f]&|w]in|

Equal Opportunity Employer H EALTH SYST EM@

Where Caring Meets Excellence
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Family life. Amazing HM career.

You can have both.

US Acute Care Solutions values family.
As HM and EM physician owners and
partners, we are one family, united in our
passion to provide the best integrated
acute care for our patients. Our support
extends far beyond our clinical settings.
When a clinician in our group has a child
we rally around them with our incredible
ground-breaking Paid Parental Leave
Package to ensure they receive the time
and financial support they need to
continue excelling in their careers.

At USACS, we're living life to

the fullest, together.

US Acute Care
Solutions

[ Learn more. Visit usacs,com/family Founded by ERGENTUS, APEX, TBEP, MEP, EPPH and EMP
W A\ 1A "4 v N’ orcallus at 1-844-863-6797. integratedacutecare@usacs.com
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Nocturnist
employment
has risen from
58.3% in 2014

to 72.3% in 2016.

Get the rest of the data from the 2016 Report in the
enhanced digital version or the traditional print version.

Order Today at
www.hospitalmedicine.org/SoHM




MAY 1-4, 2017

HOSPITAL

MEDICINE

LAS VEGAS, NEVADA

RE-ENERGIZE AND
FOCUS YOUR PRACTICE

Educational Track Listings

O Academic/Research O New! Medical Education
O New! Clinical Updates O Pediatric
O Co-Management/ O Potpourri

Perioperative Medicine
O Practice Management
O New! Diagnostic Reasoning
O Quality
O Early-Career Hospitalists
O Rapid Fire
O New! Health Policy
O Workshops
O New! High-Value Care

Register and receive one year of free membership!

Register Online for Best Rates at
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