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BACKGROUND: Medical comanagement entails a
significant commitment of clinical resources with the

aim of improving perioperative outcomes for patients
admitted with hip fractures. To our knowledge, no national
analyses have demonstrated whether patients benefit from
this practice.

METHODS: We performed a retrospective cohort
analysis of the American College of Surgeons (ACS)
National Surgical Quality Improvement Program (NSQIP)
targeted user file for hip fracture 2016-2017. Medical
comanagement is a dedicated variable in the NSQIP.
Propensity score matching was performed to control for
baseline differences associated with comanagement.
Matched pairs binary logistic regression was then
performed to determine the effect of comanagement
on the following primary outcomes: mortality and a
composite endpoint of major morbidity.

RESULTS: Unadjusted analyses demonstrated that patients
receiving medical comanagement were older and sicker

ip fractures are a large source of morbidity and mor-

tality in the United States, with >1.5 million patients

affected every year.! These patients are primarily

older adults with a significant burden of associated

medical comorbidities.? The outcomes of nonoperative man-

agement are poor with regard to mortality,® although operative

management of hip fractures remains associated with a high

rate of morbidity and mortality compared with several other

surgical procedures, substantial resources remain devoted to

the operative repair of hip fractures and to process improve-
ment strategies for perioperative care.

Medical comanagement involves having a second nonsur-

gical primary team—often an internist, a hospitalist, a geria-

trician, or an anesthesiologist—who would follow the patient
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with a greater burden of comorbidities. Comanagement did
not have a higher proportion of patients participating in a
standardized hip fracture program (53.6% vs 53.7%; P > .05).
Comanagement was associated with a higher unadjusted rate
of mortality (6.9% vs 4.0%, odds ratio [OR] 1.79: 1.44-2.22,

P <.0001) and morbidity (19.5% vs 9.6%, OR 2.28: 1.98-2.63;
P < .0001). After propensity score matching was used

to control for baseline differences associated with
comanagement, patients in the comanagement cohort
continued to demonstrate inferior mortality (OR 1.36: 1.02-1.81;
P = .033) and morbidity (OR 1.82: 1.52-2.20; P < .0001).

CONCLUSIONS: This analysis does not provide evidence
that dedicated medical comanagement of hip fracture
patients is associated with superior perioperative
outcomes. Further efforts may be needed to refine
opportunities to modify the significant morbidity and
mortality that persists in this population. Journal of
Hospital Medicine 2020;15:468-474. © 2020 Society of
Hospital Medicine

during the hip fracture admission, and provide daily care di-
rected toward both the hip fracture and its associated manage-
ment challenges and the patient’s underlying comorbidities.
This includes taking a primary or shared role in daily round-
ing, writing progress notes, writing orders, managing medica-
tions and therapies, disposition planning, and discharge. One
argument for this practice has centered around an efficiency
proposition for surgeons to spend more of their time operat-
ing and less time in these tasks of acute care management.
The primary argument, though, for medical comanagement
has been an outcomes proposition that frail, elderly patients
with significant medical comorbidities benefit from a nonsur-
geon'’s focused attention to their coexisting medical problems
and the interaction with the surgical issues posed by opera-
tive intervention for hip fracture. A number of previous studies
have demonstrated an association between comanagement
and improved perioperative outcomes.*> However, the most
convincing improvements in several studies have been process
indicators (eg, time from admission to surgery, length of stay,
nurse/surgeon satisfaction) without significant differences in
mortality or major morbidity.® Several studies were method-
ologically limited due to the use of historical controls,”'® and
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several were conducted in focused clinical settings (eg, a sin-
gle tertiary academic center), leaving uncertainty about exter-
nal validity for other care environments.®’ To our knowledge,
comanagement has not been examined in the American Col-
lege of Surgeons (ACS) National Surgical Quality Improvement
Program (NSQIP) dataset of hip fracture patients.

The NSQIP database offers a unique tool for clinical out-
comes research because its variables are prospectively collect-
ed by a trained clinical reviewer at each participating site. Data
are deidentified and aggregated into a national database,
which has grown from 121 participating sites in 2005 to 708
participating sites in 2017 and now contains data on more than
6.6 million patients. The targeted hip fracture participant use
file (PUF) adds additional variables and is available beginning
with 2016. Internal audits ensure a high level of data reliabili-
ty."" The NSQIP has compared favorably with single-institution
morbidity and mortality conference systems,'? multi-institution
clinical databases,’® and administrative databases' in accu-
rately capturing 30-day outcomes. Unlike other databases,
outcomes are recorded within 30 days even if they occur after
the initial postoperative discharge. Comanagement is a dedi-
cated variable in the NSQIP hip fracture dataset.

This study sought to examine the effect of medical coman-
agement on perioperative outcomes in this contemporary
NSQIP database.

METHODS
This study was exempt from the Institutional Review Board re-
view because it uses deidentified data.

We used the targeted hip fracture NSQIP PUF for 2016-2017
to examine perioperative outcomes among patients undergo-
ing hip fracture repair and assess the relationship with medical
comanagement, which is a dedicated variable in the NSQIP
hip fracture database. We included patients in the comanage-
ment cohort if they received comanagement for part or all of
their hip fracture hospitalization.

Demographic, comorbidity, and preoperative variables were
examined between the two cohorts. Hypoalbuminemia, as a
marker of malnutrition and frailty, was defined as a preopera-
tive serum albumin level <3.5 g/dL, which has demonstrated
independent predictive value for adverse outcomes in hip frac-
ture patients in the NSQIP.>' Predicted morbidity and mor-
tality rates are calculated as probabilities available for each
patient in the PUF based on a NSQIP hierarchical regression
analysis of patient-level factors to predict outcomes (eg, not
including hospital or provider factors). We also examined the
relationship in regard to participation in a standardized hip
fracture program (SHFP), which is a multidisciplinary protoco-
lized pathway for hip fracture patients that may include order
sets, structured care coordination, involvement of multidisci-
plinary therapy personnel, and daily milestones and discharge
criteria. Participation in an SHFP is recorded in the NSQIP and
has demonstrated an association with significantly improved
outcomes in this same dataset, the targeted hip fracture PUR."”

Logistic regression was performed using all baseline vari-
ables identified to be significantly different between the co-
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horts, as well as the following variables with a priori potential
importance in predicting membership in the comanagement
cohort: admission year, sex, American Society of Anesthesiol-
ogists (ASA) physical status >4, and participation in an SHFP.
Propensity scores were calculated using the significant vari-
ables from this model (Table 1) and the abovementioned a pri-
ori potential confounders, and then propensity score matching
was performed using a greedy matching algorithm (matching
ratio 1:1, caliper width = 0.1 pooled standard deviations of the
logit of the propensity score) to create comanagement and
control cohorts for matched analysis.

The primary outcomes were 30-day mortality and a composite
endpoint of major morbidity, including readmission, pulmonary
complications (pneumonia, reintubation, prolonged mechan-
ical ventilation, and pulmonary embolism [PE]), septic shock,
stroke, myocardial infarction, cardiac arrest, or death. Secondary
outcomes included postoperative length of stay, disposition at
postoperative day 30, and process compliance measures (pro-
portion of patients allowed to be weight-bearing as tolerated
on postoperative day 1, and proportion of patients appropri-
ately prescribed deep venous thrombosis [DVT] prophylaxis for
28 days, proportion of patients appropriately prescribed bone
protective medication [eg, vitamin D, bisphosphonates, teri-
paratide, denosumab, and raloxifene] postoperatively).

Descriptive variables are reported as median (interquartile
range) and number (percentage), unless otherwise noted.
Continuous outcomes were compared using a Mann-Whit-
ney-Wilcoxon test. Binary outcomes were compared using
Fisher's exact tests (or a Pearson’s Chi-square for more than
two response levels) and odds ratios with 95% confidence in-
tervals. Matched pairs binary logistic regression was used to
examine the relationship between comanagement and the
primary outcomes of mortality and morbidity in the propensi-
ty score-matched cohorts, as well as between comanagement
and secondary outcomes. Friedman'’s test was used for a sec-
ondary outcome with more than two response levels (dispo-
sition at 30 days). Analyses were performed using SAS (SAS
9.4; SAS Institute, Cary, North Carolina) with a predetermined
alpha value of 0.05 to determine statistical significance.

RESULTS

A total of 19,896 Hip fracture patients were categorized into
a medical comanagement cohort of 17,600 (88.5%) patients
and a cohort without comanagement of 2,296 patients (11.5%).
Baseline characteristics of the two unadjusted cohorts before
propensity score matching are presented in Table 2.

Patients in the comanagement cohort were older and sicker
in terms of almost every comorbidity and condition evaluated
(Table 2). These differences were also reflected in a higher pre-
dicted mortality by the NSQIP hierarchical regression-based
equations for mortality (3.5% [1.7%-7.0%] vs 2.5% [0.9%-6.1%],
P < .0001) and morbidity (9.1% [6.9%-12.5%] vs 8.5% [6.1%-
12.1%)], P <.0001). As predicted, the observed, unadjusted rate
of death in the comanagement cohort was higher than that in
the cohort without comanagement: n = 1,210 (6.9%) vs n = 91
(4.0%), odds ratio (OR) 1.79: 1.44-2.22; P < .0001, as was the
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TABLE 1. Variables Identified in Logistic Regression to be Used in Propensity Score

Admission year

Age (years)

Male

Caucasian, non-Hispanic

Smoker

Chronic obstructive pulmonary disease
Hypertension requiring medication
Diabetes requiring medication
Baseline heart failure

Chronic steroid use

Hypoalbuminemia

Obese

Independent baseline functional status
Admitted for >48 hours prior to surgery
Preoperative delirium

Preoperative blood transfusion
Preoperative renal failure

Preoperative coagulopathy

ASA Physical status 4 or 5

Emergent surgery

Standardized hip fracture program participation

Abbreviations: ASA, American Society of Anesthesiologists; OR, odds ratio.

unadjusted rate of the composite endpoint of major morbidi-
ty: n = 3,425 (19.5%) vs n = 220 (9.6%), OR 2.28: 1.98-2.63, P <
.0001. There was no difference in the prevalence of using an
SHFP in the comanagement and noncomanagement cohorts
(n=9,441,53.6% vs n = 1,232, 53.7%, P > .05).

Logistic regression modeling of the probability of member-
ship in the comanagement cohort yielded satisfactory results
(convergent model, null hypothesis rejected, area under the
curve of the model receiver operating curve [AUROC] = 0.81).
Propensity scores were calculated using the significant vari-
ables from this model, as detailed in Table 1. Propensity score
matching was then performed with excellent results as follows:
n = 2,278 of 2,296 (99.2%) potential pairs were successfully
matched, residual absolute standardized difference = 0.0039
(99.7% reduction), variance ratio = 1.01. This satisfies the tradi-
tional criterion for a satisfactory variable balance in propensity
score matching of a standardized difference <0.25 and a vari-
ance ratio between 0.5 and 2.0. It is also worthy of note that
the propensity score matching process successfully eliminated
the baseline difference in the NSQIP-predicted probability of
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OR 95% Cl PValue
1.07 (0.97-1.17) 18
1.02 (1.02-1.03) <.0001
0.87 (0.78-0.97) 010
0.10 (0.09-0.11) <.0001
0.80 (0.680.93) .005
0.72 (0.59-0.87) .0006
0.69 (0.62-0.76) <.0001
0.60 (0.52-0.69) <.0001
0.40 (0.26-0.62) <.0001
0.61 (0.48-0.77) <.0001
1.15 (1.03-1.27) 011
0.97 (0.84-1.13) 72
1.12 (1.01-1.24) 032
0.48 (0.39-0.60) <.0001
0.50 (0.41-0.61) <.0001
0.55 (0.41-0.74) <.0001
0.79 (0.68-0.92) .002
0.80 (0.68-0.95) .009
1.17 (1.04-1.32) 012
1.65 (1.33-2.06) <.0001
0.52 (0.46-0.57) <.0001

mortality (2.7% [1.1%-5.8%)] vs 2.5% [0.9%-6.2%)], P = .15) and
morbidity (8.6% [6.5%-11.7%] vs 8.6% [6.1%-12.2%], P = .80).

The characteristics of the propensity score-matched cohorts
(n = 2,278 each) are shown in Table 3. Matching resulted in a
satisfactory balance of measurable covariates between the two
cohorts, with the exception of small (but statistically significant)
differences in the prevalence of hypoalbuminemia and the dis-
tribution of fracture type.

The comanagement cohort did not experience superior re-
sults for either of the two primary outcomes mortality (OR 1.36:
1.02-1.81; P = .033) or in the composite endpoint of morbidity
(OR 1.82:1.52-2.20; P < .0001). The secondary outcomes of the
two cohorts of patients are shown in Table 4. The comanage-
ment cohort did not have superior outcomes in any variable
examined, except for a slightly higher proportion of patients
who were appropriately prescribed DVT prophylaxis. Despite
the prophylaxis, the comanagement cohort did not have a
smaller proportion of patients who experienced a DVT or PE.

Post hoc subgroup analysis was performed to assess wheth-
er comanagement demonstrated an association with improved
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TABLE 2. Baseline Characteristics of the Unadjusted Comanagement and Control Cohorts

Comanagement No Comanagement
n=17,600 n=2,296 PValue

Age (years) 83 [75-89] 81 [69-88] <.0001
Male 5,410 (30.7%) 697 (30.3%) 72
Caucasian, non-Hispanic 12,514 (71.1%) 1,716 (74.7%) <.0001
Smoker 1,979 (11.2%) 290 (12.6%) 051
Chronic obstructive pulmonary disease 1,941 (11.0%) 143 (6.2%) <.0001
Hypertension requiring medication 11,900 (67.6%) 1,213 (52.8%) <.0001
Diabetes requiring medication 3,241 (18.4%) 287 (12.5%) <.0001
Baseline heart failure 705 (4.0%) 24 (1.1%) <.0001
Chronic steroid use 1,085 (6.2%) 88 (3.8%) <.0001
Hypoalbuminemia 11,598 (65.9%) 1,638 (71.3%) <.0001
Obese 2,535 (14.4%) 267 (11.6%) .0003
Independent baseline functional status 7,164 (40.7%) 1141 (49.7%) <.0001
Admitted for >48 hours prior to surgery 1,432 (8.1%) 105 (4.6%) <.0001
Preoperative delirium 2,261 (12.9%) 121 (5.3%) <.0001
Preoperative blood transfusion 837 (4.8%) 54 (2.4%) <.0001
Preoperative renal failure 2,972 (16.9%) 266 (11.6%) <.0001
Preoperative coagulopathy 2,247 (12.8%) 199 (8.7%) <.0001
ASA Physical status 4 or 5 3,863 (22.0%) 528 (23.0%) .26
Emergent surgery 808 (4.6%) 127 (5.5%) 052
Fracture type <.0001

Femoral neck, undisplaced 1,507 (8.6%) 271 (11.8%)

Femoral neck, displaced 5,061 (28.8%) 631 (27.5%)

Intertrochanteric 9,535 (54.2%) 1,112 (48.4%)

Subtrochanteric 1,091 (6.2%) 216 (9.4%)

Other/unknown 406 (2.3%) 66 (2.9%)

Values are median [interquartile range] or number (percentage) as appropriate

Abbreviation: ASA, American Society of Anesthesiologists

outcomes depending on whether patients were or were not
treated in an SHFP. This stratified analysis produced the same
results as the primary analysis; ie, comanagement was not as-
sociated with improved outcomes in either subgroup.

DISCUSSION
The primary finding of this study is that even once propensity
score matching eliminated nearly all discernible baseline dif-
ferences between the cohorts of hip fracture patients with and
without medical comanagement during their hospitalization,
and comanagement was not associated with superior (and in
fact was associated with still inferior) perioperative outcomes.
As is evident from the baseline differences shown in Table
2, medical comanagement is utilized in a patient population
that has significant comorbidities and adverse patient factors.

An Official Publication of the Society of Hospital Medicine

The NSQIP provides a robust opportunity to remove the ef-
fects of these confounding variables because of the richness
of variables in the dataset. For instance, some studies used a
summary score for patient frailty, which has been an apparent
predictor of worse clinical outcomes in this population.’®'? The
NSQIP analyzes each component of the frailty score (diabet-
ic status, history of COPD or current pneumonia, congestive
heart failure, hypertension requiring medication, and noninde-
pendent functional status) as well as to add additional variables
(eg, low serum albumin level) and propensity score matching
on each of these variables individually.

It is also important to note that although prior analyses have
demonstrated that SHFPs are associated with better outcomes
in this database,”” comanagement did not correlate with the
use of an SHFP, nor did comanagement demonstrate any asso-
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TABLE 3. Baseline Characteristics of the Propensity Score-Matched Cohorts

Age (years)

Male

Caucasian, non-Hispanic

Smoker

Chronic obstructive pulmonary disease
Hypertension requiring medication
Diabetes requiring medication
Baseline heart failure

Chronic steroid use

Hypoalbuminemia

Obese

Independent baseline functional status
Admitted for >48 hours prior to surgery
Preoperative delirium

Preoperative blood transfusion
Preoperative renal failure

Preoperative coagulopathy

ASA Physical status 4 or 5

Emergent surgery

Fracture type
Femoral neck, undisplaced
Femoral neck, displaced
Intertrochanteric
Subtrochanteric
Other/unknown

SHFP

Values are median [interquartile range] or number (percentage) as appropriate.

Comanagement No Comanagement
n=2.278 n=2278 PValue

80 [69-88] 81 [69-89] 48
703 (30.9%) 688 (30.2%) .65
1,736 (76.2%) 1,698 (74.5%) .20
275 (12.1%) 283 (12.4%) .75
133 (5.8%) 143 (6.3%) .58
1,269 (55.7%) 1,213 (53.2%) .10
298 (13.1%) 287 (12.6%) .66
21 (0.9%) 21 (0.9%) .76
84 (3.7%) 88 (3.9%) .82
1,542 (67.7%) 1,624 (71.3%) .01
265 (11.6%) 266 (11.7%) .99
1,113 (48.9%) 1,127 (49.5%) .70
101 (4.4%) 105 (4.6%) .83
139 (6.1%) 121 (5.3%) .28
41 (1.8%) 54 (2.4%) .21
280 (12.3%) 266 (11.7%) .55
177 (7.8%) 199 (8.7%) .26
494 (21.7%) 526 (23.1%) 27
125 (5.5%) 122 (5.4%) .90
.01

215 (9.4%) 265 (11.6%)

675 (29.6%) 625 (27.4%)

1,149 (50.4%) 1,108 (48.6%)

171 (7.5%) 215 (9.4%)

68 (3.0%) 65 (2.9%)
1,298 (57.0%) 1,231 (54.0%) .05

Abbreviations: ASA: American Society of Anesthesiologists; SHFP, standardized hip fracture program.

ciation with better outcomes in the subgroup who participated
in an SHFP or in the subgroup who did not.

This retrospective cohort analysis cannot, of course, demon-
strate causation. Several limitations are worth noting. The abil-
ity to use any retrospective dataset depends on the quality
of the variable definitions and the data quality contained in
it. Although the NSQIP has demonstrated high validity and
interobserver variability compared with other data sources,
some imperfections and heterogeneity (for instance, in the way
two different institutions may define comanagement) may be
present.

It is important to note that any propensity score-matched
analysis incurs the risk of residual/unmeasured confounding,

472 Journal of Hospital Medicine® Vol 15 | No 8 | August 2020

since the power of this technique still depends on the pres-
ence of measured variables to match, and no match is ever
perfect. For instance, some variables remain imperfectly bal-
anced in the matched cohorts (eg, hypoalbuminemia and
fracture type, Table 3). These differences may reach statistical
significance because of large sample size without obvious clin-
ical significance, but they illustrate the point that residual con-
founding may persist. It is also possible that some detection
bias is present in the comanagement cohort, if dedicated co-
management personnel are more likely to diagnose complica-
tions (eg, pneumonia, PE) that require some clinical suspicion
to be identified. We doubt that this plays a dominant role, for
the NSQIP is relatively robust to this potential bias because of
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TABLE 4. Outcomes in the Propensity Score-Matched Cohorts

Comanagement No Comanagement
n=2,278 n=2,278 OR 95% ClI PValue

Mortality 120 91 1.36 (1.02,1.81) .033
Major morbidity* 362 (15.9%) 219 (9.6%) 1.82 (1.52,2.20) <.0001

Unplanned readmission 141 (6.2%) 94 (4.1%)

Pneumonia 86 (3.8%) 43 (1.9%)

Myocardial infarction 67 (2.9%) 15 (0.7%)

Stroke 18 (0.8%) 9 (0.4%)

Pulmonary embolism 19 (0.8%) 10 (0.4%)

Septic shock 28 (1.2%) 19 (0.8%)

Cardiac arrest 9 (0.4%) 8 (0.4%)

Renal failure 16 (0.7%) 6 (0.3%)
Prolonged mechanical ventilation or unplanned 23 (1.0%) 10 (0.4%)
reintubation
Postoperative length of stay 4 [3-8] 5 [3-8] 42
Prescription for bone protective medications 1,177 (51.7%) 1,117 (49.0%) 1.1 (0.99, 1.25) .08
Prescription for DVT prophylaxis 1,365 (59.9%) 1,239 (54.4%) 1.25 (1.11,1.41) .0002
Weight-bearing on postoperative day 1 1,51 (66.3%) 1,653 (72.6%) 0.74 (0.66, 0.85) <.0001
Disposition at 30 days® <.0001

Home 974 (50.7%) 1090 (57.9%)

Still hospitalized 118 (6.1%) 78 (4.1%)

Subacute facility 828 (43.1%) 716 (38.0%)

Values are median [interquartile range] or number (percentage) as appropriate

*individual contributors to composite morbidity endpoint provided without P values to avoid inappropriate multiple comparisons

bof patients alive and without missing data
Abbreviations: DVT, deep venous thrombosis; OR, odds ratio.

its rigorous process of relying on a trained clinical reviewer at
each site (as opposed, for instance, to using billing codes), and
several components of the composite morbidity endpoint (eg,
reintubation, prolonged mechanical ventilation, stroke, cardi-
ac arrest, or death) would be difficult to miss even if clinicians
have low clinical suspicion or attentiveness. However, some
potential remains.

It is also possible that comanagement is applied to sicker
patients and functions more as a marker of that population
than an intervention that improves results. To take a similar
example, past literature has demonstrated a strong associa-
tion between do-not-resuscitate (DNR) status and adverse out-
comes. 2 |n all likelihood, the DNR status does not directly
cause worse outcomes so much as it marks a sick and vulner-
able population. Selection bias at the individual patient level
may contribute to an association between comanagement and
worse outcomes.

Similarly, institutions that routinely apply comanagement
may care for a sicker patient population. To this end, institu-
tion-level variables may modulate the relationship between
comanagement, SHFP participation, and outcomes. Coman-
agement and SHFP participation may cluster according to
the surgeon, the institution, or the patient subtype (eg, ICU
vs ward status). Unfortunately, individual hospital and surgeon
identifiers are explicitly excluded from the publicly available
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NSQIP PUF to protect program and patient confidentiality, so
that advanced hierarchical modeling techniques cannot ex-
plore these relationships with this dataset.

Beyond these limitations, one plausible explanation for the
lack of an association between comanagement and improved
outcomes is that standardization and other continuous quali-
ty improvement processes have already accomplished a great
deal, and the addition of comanagement of individual patients
is not having an appreciably positive additional impact. Al-
though the acuity and prevalence of comorbidities in the hip
fracture population are high, many of their issues may be ste-
reotyped enough that thoughtful, well-designed algorithms
and protocols may serve them nearly as well, if not better than
individual comanagement.

This admittedly speculative explanation has significant im-
plications for resource utilization and patient care. Medical co-
management involves a heavy investment of time, energy, and
money on the part of a second medical team to deliberately du-
plicate some aspects of daily care with the intended goal of im-
proving patient outcomes. The results of this study may provide
motivation for efforts to hybridize or modify the involvement of
comanaging physicians and teams—for instance, to guide and
refine the creation and revision of SHFP protocols without pro-
viding daily comanagement to each individual patient and/or
to implement more iterative, continuous process improvement
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initiatives.® Our results may also help direct healthcare systems
to focus elsewhere in the search for modifiable process and care
delivery variables that can move the needle on the significant
morbidity and mortality that still exist in this population.
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