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Interhospital transfer status for spinal metastasis patients
in the United States is associated with more severe clinical
presentations and higher rates of inpatient complications
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OBJECTIVE |In patients with metastatic spinal disease (MSD), interhospital transfer can potentially impact clinical
outcomes as the possible benefits of transferring a patient to a higher level of care must be weighed against the nega-
tive effects associated with potential delays in treatment. While the association of clinical outcomes and transfer status
has been examined in other specialties, the relationship between transfer status, complications, and risk of mortality in
patients with MSD has yet to be explored. The purpose of this study was to examine the impact of transfer status on in-
hospital mortality and clinical outcomes in patients diagnosed with MSD.

METHODS The National (Nationwide) Inpatient Sample (NIS) database was retrospectively queried for adult patients
diagnosed with vertebral pathological fracture and/or spinal cord compression in the setting of metastatic disease be-
tween 2012 and 2014. Demographics, baseline characteristics (e.g., metastatic spinal cord compression [MSCC] and
paralysis), comorbidities, type of intervention, and relevant patient outcomes were controlled in a multivariable logistic
regression model to analyze the association of transfer status with patient outcomes.

RESULTS Within the 10,360 patients meeting the inclusion and exclusion criteria, higher rates of MSCC (50.2% vs
35.9%, p <0.001) and paralysis (17.3% vs 8.4%, p < 0.001) were observed in patients transferred between hospitals com-
pared to those directly admitted. In univariable analysis, a higher percentage of transferred patients underwent surgical
intervention (p < 0.001) when compared with directly admitted patients. After controlling for significant covariates and surgi-
cal intervention, transferred patients were more likely to develop in-hospital complications (OR 1.34, 95% CI 1.18-1.52, p <
0.001), experience prolonged length of stay (OR 1.33, 95% CI 1.16-1.52, p < 0.001), and have a discharge disposition other
than home (OR 1.70, 95% Cl 1.46-1.98, p < 0.001), with no significant difference in inpatient mortality rates.

CONCLUSIONS Patients with MSD who were transferred between hospitals demonstrated more severe clinical pre-
sentations and higher rates of inpatient complications compared to directly admitted patients, despite demonstrating no
difference in in-hospital mortality rates.

https://thejns.org/doi/abs/10.3171/2021.2.FOCUS201085

KEYWORDS mortality; patient outcomes; spinal metastasis; transfer status; spinal cord compression; paralysis;
surgery; complications

S cancer treatments continue to improve, oncology can be associated with spinal cord compression, pathologi-
A patients are living longer with an increased inci- cal fractures, and/or pain.*"' Spinal cord compression can
dence of metastatic disease.'> The spinal column result in weakness, paresthesias, urinary/bowel dysfunc-
is the most common site of osseous metastatic disease and tion, and paralysis. Patients with metastatic spinal disease

ABBREVIATIONS CCI = Charlson Comorbidity Index; CCS = Clinical Classification Software; ICD-9 = International Classification of Diseases, 9th Revision; MSCC = meta-
static spinal cord compression; MSD = metastatic spinal disease; NIS = National (Nationwide) Inpatient Sample.
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FIG. 1. CONSORT diagram of a selection of the patient cohort.

(MSD) often require multidisciplinary management with
surgical intervention, chemotherapy, radiation, and sys-
temic therapies.!”? The occurrence of an acute decline in
neurological function can result in a greater likelihood of
nonelective admissions and interhospital transfers in this
patient population.® Furthermore, the complexity and se-
verity of clinical presentation are shown to be associated
with postoperative complications and worse prognosis.'

Hospitals lacking resources or expertise to effectively
manage a given patient may request an interhospital trans-
fer to another tertiary care facility, either through provid-
er-to-provider communication as an inpatient or under the
Emergency Medical Treatment and Active Labor Act.”
While there are no official guidelines or criteria defin-
ing a hospital’s resources, expertise, or clinical criteria for
transfer, this system aims to transfer patients in need of
a higher level of care to hospitals capable of delivering
said care. The decision to transfer must therefore weigh
the benefits of transfer to a higher level of care against the
downsides of a delay in care. This cost-benefit analysis
has been explored in other realms of neurosurgery, no-
tably in patients with general or neurological emergen-
cies.'"2 Numerous studies have demonstrated that neu-
rological presentation, systemic burden of disease, and
demographic factors, including age at admission, are fac-
tors in determining prognosis and clinical outcomes.?-*
However, no study has examined the relationship between
transfer status and outcomes specifically in patients with
MSD.

In this study, we compare the in-hospital mortality and
clinical outcomes of patients with MSD who underwent
interhospital transfer to those who were directly admit-
ted to the hospital. Specifically, we examine association
of transfer status with clinical presentation, type of inter-
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vention, in-hospital complications, length of stay, rate of
nonroutine discharge, and in-hospital mortality.

Methods

Study Design and Setting

The National (Nationwide) Inpatient Sample (NIS) da-
tabase, which is a collection of inpatient hospitalization
data drawn from more than 4500 hospitals within the
continental United States, was retrospectively queried for
this analysis. The database contains information related
to hospital admission, including patient demographics and
comorbidities, hospital course, discharge disposition, ac-
cess to care, and cost of care.?’ The study period was be-
tween January 1, 2012, and December 31, 2014. Transfer
status was defined as either direct hospital admission or
transfer from an outside facility.

Participants

Adult patients (aged 18 years or older) with a diagnosis
of vertebral pathological fracture and/or spinal cord com-
pression in the setting of a secondary malignancy (ie.,
metastatic disease) were included in our analysis. Further
details on the inclusion and exclusion criteria can be found
in the CONSORT diagram (Fig. 1).

Variables

International Classification of Diseases, 9th Revision
(ICD-9) and Clinical Classification Software (CCS) codes
that were used for identifying diagnoses and procedures
are summarized in Table 1. Demographics considered
were age at the time of admission, sex, insurance status,
median household income (by zip code), admitting hospi-



tal characteristics (size, region, and type), smoking status,
and primary tumor type. Relevant baseline characteristics
included Charlson Comorbidity Index (CCI) score, pres-
ence of metastatic spinal cord compression (MSCC; ICD-
9 code 336.3), vertebral pathological fracture, paralysis
(ICD-9 code 344.1), and visceral metastasis. Outcome
measures included in-hospital mortality, in-hospital com-
plication, type of intervention (surgery, biopsy, radiother-
apy, and chemotherapy), prolonged hospital length of stay
(> 75th percentile), and nonroutine discharge (discharge
disposition other than home, such as acute care hospital,
rehabilitation facility, or skilled nursing facility).

Statistical Considerations

All analyses were performed in Stata/SE 12 (StataCorp
LLC). Stata survey commands were used to analyze the
study sample. All data were summarized using descriptive
statistics. Groups stratified by transfer status were com-
pared via analyses of variance and chi-square tests. In the
multivariable logistic regression, we controlled for the fol-
lowing covariates to identify the effect of transfer status
on patient outcomes: age at the time of admission, sex,
insurance status, income, admitting hospital characteris-
tics, CCI score, smoking status, primary tumor type, and
all baseline characteristics (MSCC, vertebral pathological
fracture, paralysis, and visceral metastasis). Statistical sig-
nificance was defined as p < 0.05.

Results

An initial cohort of 563,088 adult patients with a di-
agnosis of secondary malignancy between 2012 and 2014
were identified in the NIS database. Of these, 527,130
were found to have osseous metastasis without a concomi-
tant degenerative disease diagnosis. After applying all in-
clusion and exclusion criteria, a cohort of 10,360 patients
were included in the analyses of demographics and clini-
cal outcomes (Fig. 1). Application of discharge weights
(roughly a fivefold multiplication, given NIS is a 20%
sample database) would imply a sample size of 51,800 pa-
tients.

Patient Demographics

Patient demographics are summarized for the 10,360
patients in Table 2. In our sample, 9086 (87.7%) patients
were directly admitted to the hospital, while 1274 (12.3%)
patients were transferred from another institution. The
mean age at the time of admission was 64.3 years for both
groups. A higher percentage of patients in the transfer co-
hort were male compared with those who were directly
admitted (56.6% vs 51.6%, p < 0.001). A greater number
of patients who were transferred were ultimately admitted
to an urban teaching hospital (80.1% vs 68.6%, p < 0.001)
or to a large hospital (72.1% vs 65.7%, p < 0.001) com-
pared with those who were directly admitted. The median
household income also differed significantly between the
2 groups, with transferred patients more commonly living
in zip codes with median incomes in the 1st or 2nd quar-
tiles. Aside from these 3 features, the patient cohorts were
similar in most demographic characteristics (e.g., insur-
ance status and smoking status).
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TABLE 1. Codes for collected data

Diagnosis/Procedure ICD-9 CCS
Spinal metastasis

Secondary malignancy 42

Metastasis to bone 198.5

Types of intervention

Spinal decompression  03.01, 03.09, 03.4,

03.53
Fusion 81.00-81.08, 81.61
Biopsy 37,38, 76, 83, 165
Radiotherapy 21
Chemotherapy 224

In-hospital complications
Neurological 997.00-997.09
complications
Pneumonia 122
Other respiratory 518.5, 518.81, 518.84,
complications 997.3
Venous 415.11-415.19,
thromboembolism 453.40-453.42,
453.8,453.9

Cardiac complications 9971 410
Urinary/renal 584.5, 584.9, 997.5
complications
Gastrointestinal 008.45, 560.1, 9974

complications

Urinary tract infection 595.0, 595.9, 599.0

Sepsis 2

Decubitus ulcers 707.01-707.09

Clinical Presentation

A greater number of patients who were transferred pre-
sented with MSCC (50.2% vs 35.9%, p < 0.001) and paral-
ysis (17.3% vs 8.4%, p < 0.001). On the other hand, a lower
number of the transferred patients presented with verte-
bral pathological fractures (67.1% vs 75.5%, p < 0.001) and
visceral metastases (39.0% vs 42.0%, p < 0.05) compared
with those who were directly admitted. Furthermore, there
was a statistically significant difference in primary tumor
type between the cohorts, whereas the CCI score did not
differ significantly (Table 2).

Univariable Analysis of Hospital Course and Clinical
Outcomes

In terms of the type of intervention, a higher propor-
tion of patients who were transferred underwent surgery
compared with those who were directly admitted (21.2%
vs 14.8%, p < 0.001) (Fig. 2). The number of patients who
received chemotherapy or radiotherapy did not differ sig-
nificantly between the 2 cohorts. In-hospital mortality
rates also did not differ between the 2 groups (7.4% vs
7.0% for transfer and direct admission, respectively; p =
0.529) (Fig. 3A). However, more patients who were trans-
ferred experienced prolonged length of stay in the hospital
(31.1% vs 22.9%, p < 0.001), nonroutine discharges (79.6%
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TABLE 2. Demographics and baseline characteristics of patients stratified by transfer status

Variable All Patients Direct Transferred p Value
No. of patients 10,360 9,086 (87.7) 1,274 (12.3)
Demographics
Mean age, yrs (SD) 64.3 (13.3) 64.3 (13.3) 64.3 (13.2) 0.959*
Age >65 yrs 46.9 46.7 47.8 0.467
Male sex 52.2 51.6 56.6 <0.001*
Insurance 0.200"
Medicare 50.5 50.5 50.6
Medicaid 13.6 13.7 12.2
Private 29.9 29.9 30.0
Other/unknown 6.1 5.9 72
Income quartile <0.001*
1st 26.4 25.7 31.0
2nd 235 233 25.7
3rd 24.8 251 22.3
4th 253 25.9 21.0
Urban teaching hospital 70.0 68.6 80.1 <0.001*
Large hospital size 66.5 65.7 721 <0.001*
Smoking 357 35.6 37.0 0.326*
Primary tumor type <0.001*
Lung 26.7 26.3 294
Breast 19.4 19.9 15.4
Prostate 15.2 14.9 17.6
Colon 51 51 48
Kidney 71 71 76
Other/unspecified 26.5 26.7 25.3
Baseline characteristics
Mean CCI (SD) 6.7 (1.1) 6.7 (1.1) 6.7 (1.1) 0.390*
MSCC 377 35.9 50.2 <0.001*
Vertebral pathological fracture 74.4 75.5 671 <0.001*
Paralysis 9.5 8.4 17.3 <0.001*
Visceral metastasis 4.7 42.0 39.0 0.039*

Values are percentages unless noted otherwise.

* Statistically significant result or covariates controlled for in the multivariable analysis.

vs 68.1%, p < 0.001), and in-hospital complication rates
(49.6% vs 42.2%, p < 0.001) compared with those who
were directly admitted (Fig. 3A). Specifically, patients
who were transferred more frequently developed pulmo-
nary complications (9.3% vs 7.6%, p < 0.05), deep venous
thrombosis (6.7% vs 3.8%, p < 0.001), and gastrointestinal
complications (5.1% vs 2.9%, p < 0.001) (Fig. 3B).

Multivariable Analysis of Outcomes Stratified by Transfer
Status

After controlling for the covariate in the multivariable
logistic regression analysis, the results of the multivari-
able analysis were consistent with the univariable analy-
sis. Patient transfer status was found to be an independent
predictor for surgical intervention, with patients who were
transferred being more likely to undergo surgery (OR
1.26, 95% CI 1.08-1.49, p < 0.05). When controlling for

4 Neurosurg Focus Volume 50 « May 2021

Brought to you by Duke University | Unauthenticated | Downloaded 06/19/23 06:33 PM UTC

both covariates and surgical intervention, transferred pa-
tients were also more likely to develop in-hospital compli-
cations (OR 1.34,95% CI 1.18-1.52, p < 0.001), experience
prolonged length of stay (OR 1.33,95% CI 1.16-1.52, p <
0.001), and have nonroutine discharge (OR 1.70, 95% CI
1.46-1.98, p < 0.001). There was no significant difference
in in-hospital mortality between those directly admitted
and those who were transferred (OR 1.05, 95% CI 0.83—
1.34, p = 0.662) (Table 3).

Discussion

Metastatic spinal disease (MSD) is associated with a
wide array of symptoms that can necessitate multidis-
ciplinary management and increased resource utiliza-
tion.'> 25 Hospitals lacking sufficient resources and/or ex-
pertise to effectively manage these patients rely on inter-
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FIG. 2. Differences in intervention stratified by patient transfer status
(**p <0.01).

hospital transfer to convey patients to centers capable of
providing a higher level of care.”” In this study, we evalu-
ated the association of transfer status, in-hospital mortal-
ity, and short-term clinical outcomes in patients diagnosed
with MSD. Our results demonstrate that although patients
in the transferred cohort more commonly presented with
MSCC and paralysis, there was no significant difference
in mortality rates between patients directly admitted to
the hospital and those transferred. For both univariable
and multivariable analyses, transferred patients were more
likely to undergo surgical intervention and have higher
rates of in-hospital complications, prolonged length of
stay, and nonroutine discharge.

Similar to other studies examining outcomes for trans-
ferred patients, patients with MSD who were transferred
were more likely to have a more severe clinical presenta-
tion (i.e., MSCC and paralysis) and need a higher level
of care (more commonly admitted to urban teaching and/
or tertiary medical centers) than those who were directly
admitted.?® In spite of the more aggressive disease at pre-
sentation, transferred patients were also more likely to
undergo surgical intervention, suggesting the impetus to
transfer in many cases may be to move patients to hos-
pitals that offer specialized treatments, such as surgical
intervention.?’-2® Along these lines, Kamat et al. found that
cancer patients were commonly transferred to oncology
centers for interventional procedures but were seldom
transferred for treatment in the critical care unit without
a plan for a procedure.?® In our study, we likewise found
that, while transferred patients more frequently underwent
surgical intervention, rates of more conservative thera-
pies (i.e., radiotherapy and chemotherapy) were similar
in transferred and direct-admission patients. Given the
retrospective nature of our study, we cannot establish the
causality of this relationship, but the differences are never-
theless intriguing and warrant further investigation.
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FIG. 3. A: Differences in in-hospital mortality and clinical outcomes
stratified by patient transfer status. B: Types of in-hospital complication
stratified by patient transfer status (*p < 0.05, **p < 0.01, ***p < 0.001).
DVT = deep venous thrombosis; UTI = urinary tract infection.

In-Hospital Mortality

Studies have shown a correlation between transfer
status and mortality rates across different medical and
surgical disciplines. Hernandez-Boussard et al. found
that transferred patients were twice as likely to die than
those directly admitted after risk adjustments, regardless
of medical discipline.? Moreover, Sokol-Hessner et al.
reported that patients transferred to the general medicine
service had higher inpatient mortality rates than those
admitted directly from the emergency department, sug-
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TABLE 3. Multivariable associations between transfer status and
patient outcomes

Patient Outcome Direct Transferred

Surgical intervention*

OR 1.00 1.26

95% Cl 1.08-1.49

p value 0.010
In-hospital complicationt

OR 1.00 1.34

95% ClI 1.18-1.52

p value <0.001
Prolonged length of stayt

OR 1.00 1.33

95% ClI 1.16-1.52

p value <0.001
Nonroutine discharget

OR 1.00 1.70

95% ClI 1.46-1.98

p value <0.001
In-hospital mortality

OR 1.00 1.05

95% Cl 0.83-1.34

p value 0.650

* Covariates that were controlled included patient age, sex, insurance status,
teaching hospital, hospital size, CCI, smoking, tumor type, MSCC, pathological
fracture, paralysis, and visceral metastasis.

T Surgical intervention was controlled for in addition to covariates.

gesting that interhospital transfer could be a factor associ-
ated with poor outcomes.?” Despite this, we found that the
lack of association between transfer status and inpatient
mortality is consistent with prior findings from the neu-
rological trauma literature. In patients with intracerebral
hemorrhage, Vahidy et al. observed no difference in func-
tional outcomes and mortality between direct-admit and
transferred patients.’® Naval and Carhuapoma also saw
no differences in in-hospital mortality rates between the
patients with intracerebral hemorrhage who were directly
admitted or transferred.’’ Holland et al. showed that the
mortality rate in transferred patients with spinal cord in-
jury decreased in their study period, while the frequency
of surgical management before transfer increased.*?
Multiple studies have identified predictors of increased
length of stay and complications in MSD patients. For ex-
ample, factors associated with frailty and disability, which
portend a higher risk for adverse health outcomes and/
or reduced functional status, are shown to be indepen-
dently associated with poorer outcomes.*-3> Additionally,
patient-specific factors (e.g., nutrition status), operative
factors (e.g., number of operated vertebral levels), post-
operative complications, and tumor-specific factors (e.g.,
primary tumor type) are also shown to impact length of
stay and in-hospital complications in MSD patients.**-*° In
our study, transferred patients were more likely to develop
in-hospital complications, particularly pulmonary com-
plications, deep venous thrombosis, and gastrointestinal

6 Neurosurg Focus Volume 50 « May 2021

Brought to you by Duke University | Unauthenticated | Downloaded 06/19/23 06:33 PM UTC

complications. The transferred cohort had a more severe
clinical presentation and evidence of more advanced sys-
temic disease, which was most likely associated with the
higher rate of medical complications, prolonged length of
stay, and nonroutine discharge in this group. Determining
whether the clinical decision to transfer these patients was
based on the increased complexity of this patient popula-
tion at baseline or the patient’s specific need for a surgical
intervention is beyond the scope of this paper. However,
we assumed that transfers were placed to pair patients with
facilities able to accommodate this complexity and pro-
vide increased resources to appropriately care for these pa-
tients. Although no prior study has evaluated the impact of
hospital transfer status in MSD patients, we acknowledge
that there may be an interaction of these perioperative fac-
tors with transfer status and that these may influence the
observed outcomes. Additionally, while we were not able
to evaluate whether the length of time prior to transfer im-
pacted patient outcomes and complication rates, this will
be important to address with future studies. Specifically,
understanding the impact of treatment delay would be
critical for identifying transfer populations at higher risk
for complications and more likely to require surgical in-
tervention.

Limitations

There are several limitations associated with this study.
Due to the retrospective nature of this study using a large
national database, diagnosis and procedural data were
dependent on the accuracy of documentation and cod-
ing. Additionally, the NIS database has undergone several
revisions and data structure modifications over the years,
which can negatively affect coding consistency and com-
pleteness of the data recorded. Thus, the variability of data
and lack of specificity associated with the ICD-9 and CCS
codes were unavoidable. Furthermore, no causality can be
inferred from the results due to the retrospective nature
of the registry. Because NIS primarily collects inpatient
data, no further follow-up analysis could be done on indi-
vidual patients. For this reason, we were not able to assess
whether transfer status affected postdischarge outcomes.
The data set did not distinguish the trauma center levels of
the hospitals involved, which hindered our ability to assess
the impact of trauma center level on mortality and patient
outcomes. Finally, the lack of granularity of the data pre-
vents further analysis on the effect of admitting hospital
characteristics in transferred patients, and whether time in
transit and subsequently the time to treatment impacted
the interventions received and outcomes observed in the
study. Despite these limitations, this large study is the first
to explore the effect of interhospital transfer in patients
with MSD. Our data can serve as the foundation for future
investigations.

Conclusions

In patients diagnosed with MSD, those who were trans-
ferred between hospitals had worse baseline character-
istics, were more likely to undergo surgical intervention,
and experienced more complications relative to those who
were directly admitted to a treating hospital. Nevertheless,



mortality rates in both cohorts were similar, which sug-
gests that the act of transferring a patient to a higher level
of care may not subject them to undue risk. Further in-
vestigations into this relationship are necessary to identify
whether this relationship remains independent of the time
to treatment.
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