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Abstract

Keywords:

BACKGROUND CONTEXT: Posterior lumbar fusion (PLF) is a commonly performed proce-
dure. The evolution of bundled payment plans is beginning to require physicians to more closely
consider patient outcomes up to 90 days after an operation. Current quality metrics and other data-
bases often consider only 30 postoperative days. The relatively new Healthcare Cost and Utiliza-
tion Project Nationwide Readmissions Database (HCUP-NRD) tracks patient-linked hospital
admissions data for up to one calendar year.

PURPOSE: To identify readmission rates within 90 days of discharge following PLF and to put
this in context of 30 day readmission and baseline readmission rates.

STUDY DESIGN: Retrospective study of patients in the HCUP-NRD.

PATIENT SAMPLE: Any patient undergoing PLF performed in the first 9 months of 2013 were
identified in the HCUP-NRD.

OUTCOME MEASURES: Readmission patterns up to a full calendar year after discharge.
METHODS: PLFs performed in the first 9 months of 2013 were identified in the HCUP-NRD.
Patient demographics and readmissions were tracked for 90 days after discharge. To estimate the
average admission rate in an untreated population, the average daily admission rate in the last quar-
ter of the year was calculated for a subset of PLF patients who had their operation in the first quarter
of the year. This study was deemed exempt by the institution’s Human Investigation Committee.
RESULTS: Of 26,727 PLFs, 1,580 patients (5.91%) were readmitted within 30 days of discharge
and 2,603 patients (9.74%) were readmitted within 90 days of discharge. Of all readmissions within
90 days, 54.56% occurred in the first 30 days. However, if only counting readmissions above the
baseline admission rate of a matched population from the 4th quarter of the year (0.08% of popula-
tion/day), 89.78% of 90 day readmissions occurred within the first 30 days.

CONCLUSIONS: The current study delineates readmission rates after PLF and puts this in the
context of 30-day readmission rates and baseline readmission rates for those undergoing PLF.
These results are important for patient counseling, planning, and preparing for potential bundled
payments in spine surgery. © 2018 Elsevier Inc. All rights reserved.

Bundled payments; Posterior lumbar fusion; Readmission; Nationwide Readmission Database; 30 Day Read-
missions; 90 Day Readmissions.
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Over the past years, there has been a clear emphasis on
tracking and optimizing quality metrics after surgeries such
as posterior lumbar fusions (PLF) [1]. One such metric is
30-day postdischarge readmissions [2—4]. In fact, there has
been a move to consider penalizing hospitals that are
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outliers for such defined metrics [5]. The American College
of Surgeons National Surgical Quality Improvement Pro-
gram (ACS-NSQIP) has been extensively used to facilitate
tracking, analyzing, and predicting risks for 30 day postop-
erative outcomes following lumbar fusions [6,7].

In further efforts to make health care more affordable,
Medicare and Medicaid reimbursements for procedures
such as total joints are moving toward bundled payments
[8]. In such models, a lump sum of money is provided to
care for patients for a 90-day time period deemed an
“episode of care,” with no additional financial compensa-
tion for any complications that occur within that timeframe.
Though the amount of a bundled payment varies with the
average cost of a procedure, the length of an episode of
care is fixed.

PLF is an established and effective spine procedure
used to treat lumbar pathology that has often been stud-
ied and associated with good outcomes and relatively
low morbidity [10]. As the population continues to age,
the demand for spinal fusion procedures for degenerative
conditions is only expected to increase [11]. However,
owing to the high frequency and costs of PLFs, this is
expected to be a continued target of cost reduction initia-
tives. Should payment of spine procedures go in the
direction of bundled payments, it may be important to
better understand the treatment needs of patients under-
going PLF over longer periods of follow-up than the
30-day period such as available in NSQIP [12,13].

The current study is designed to use the relatively
newly available Healthcare Cost and Utilization Project
Nationwide Readmissions Database (HCUP-NRD) to
characterize readmissions over the 90 day postoperative
period following discharge [14]. Furthermore, the read-
mission differences between 30 and 90 days are to be
compared and considered in light of baseline readmission
rates that might be expected for the patient populations
undergoing this procedure.

Materials and methods

Data source and patient population

The 2013 HCUP-NRD is a database that draws from
the HCUP State Inpatient Databases and included 21
states spread across the United States, over 2,000 com-
munity and academic hospitals, and over 14,000,000
discharges. Patient discharges include basic demo-
graphics, diagnosis and procedure codes, and basic hos-
pital information. Most importantly for the current
study, patients are assigned unique linkage numbers that
remain consistent through different hospital admissions,
including admissions to different participating centers so
specific patient admissions can be tracked for up to a
calendar year.

Any patient age 18 or older undergoing a PLF with or
without an interbody fusion was identified by International

Statistical Classification of Disease-9 Procedure code 81.08
as were their subsequent admissions within 90 days of dis-
charge. Patients undergoing procedures in October,
November, and December were excluded as they could not
be followed for a full 90 days.

Patient demographics such as age, gender, and
median time to readmissions were collected as discrete
variables. A Charlson comorbidity index (CCI) and
Elixhauser score were calculated from International
Statistical Classification of Disease-9 diagnosis codes
present at discharge. Demographics were assessed for
the primary admission and first three readmissions
within 90 days.

Readmission rate

Readmission rates were calculated as a daily percent of
the sample population. This is calculated such that 0%
would be no readmissions and 100% would represent the
whole sample population being readmitted on the same
day. This was followed until 90 days and the percent of
those admissions that would have occurred within the first
30 days was calculated for comparison purposes.

In order to determine a baseline admission rate in a
matched population, admissions for patients who had a pro-
cedure done in the first quarter of the year (Q1) were identi-
fied and followed throughout the year. The total number of
admissions in the fourth quarter of the year (Q4) for that
subpopulation was divided by the total Q1 sample size and
then by 92 days to determine the average percentage of the
QI sample that was admitted each day in Q4.

Though one can question if the readmission rate had sta-
bilized by 30 days, this calculation made the assumption
that the readmission rate, surgical or not, for this matched
population would have stabilized by half a year later. Cur-
rently databases provide data for events occurring within
30 days of operation so, to our knowledge, this is the best
way to estimate a baseline admission rate. To confirm that
this assumption appeared justified, the average daily admis-
sion rate was plotted against an adjusted daily admission
per postdischarge day for Q1 PLF population. The daily
admission rate was adjusted for any patients leaving the
sampling time. Average admission rates and standard devi-
ations were calculated every 5 days to assess any statistical
difference between observed and baseline readmissions.

Using the calculated baseline readmission rated in the
method described above, the 90-day readmissions were
reassessed with the baseline readmission rate in mind.
The percent of 90-day readmissions that occurred within
the first 30 days was recalculated, subtracting the baseline
readmission rate from the observed daily readmission rates.

Because the data is deidentified, this study was deemed
exempt by our institution review board. Stata IC 13.0
(StataCorp, College Station, TX) was used for data man-
agement and Excel 2013 (Microsoft, Redmond, WA) was
used for graphics.
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Table 1
Demographics and comorbidities

Index 1st Readmission 2nd Readmission 3rd Readmission
Total N (% of Total or previous)' 26,727 (100.00%) 2,603 (9.74%) 425 (16.33%) 73 (17.18%)
Median time to readmission and IQR (Days) N/A 21 (8—47) 46 (27—69) 58 (45—75)
Female gender (% of Current admission) 14,883 (55.69%) 1,491 (57.28%) 253 (59.53%) 47 (64.38%)
Male gender (% of Current admission) 11,844 (44.31%) 1,112 (42.72%) 172 (40.47%) 26 (35.62%)
Age range (% of Total or previous)
18—19 41 (0.15%) * #* *
20-29 618 (2.31%) 38 (6.15%) * *
30-39 1,991 (7.45%) 146 (7.33%) 21 (14.38%) *
40—49 4,021 (15.04%) 300 (7.46%) 45 (15.00%) *
50—-59 6,294 (23.55%) 510 (8.10%) 77 (15.10%) 18 (23.38%)
60—69 7,643 (28.60%) 781 (10.22%) 149 (19.08%) 19 (12.75%)
70-79 5,075 (18.99%) 631 (12.43%) 99 (15.69%) 15 (15.15%)
80—89 1,026 (3.84%) 189 (7.3%) 28 (1.48%) *
90+ 18 (0.07%) * * *
CCI at index visit (% of total or previous)'
0-3 25,655 (95.99%) 2,380 (9.28%) 371 (15.59%) 59 (15.90%)
4+ 1,072 (4.01%) 223 (20.80%) 54 (0.20%, 24.22%) 14 (25.93%)
Elixhauser at index Visit (% of total or previous)""
0-3 25,655 (95.99%) 2,380 (9.28%) 371 (15.59%) 59 (15.90%)
4-6 1,058 (3.96%) 221 (20.89%) 54 (24.43%) 14 (25.93%)
7-9 14 (0.05%) * * *

* Groups with less than 10 patients cannot be reported per HCUP user agreement.
T % of total population for index visits or % of previous admission for readmissions within 90 days.CCI = Charlson’s Comorbidity IndexUnderlined

range contains the median.

Results

Total 30 vs 90 day readmissions

Of 26,727 patients undergoing PLF, 1,580 patients
(5.91% of the study population) were readmitted within
30 days of discharge and 2,603 patients (9.74%) were read-
mitted within 90 days of discharge. Of those patients read-
mitted within 90 days, 60.70% occurred in the first 30 days.

More information about the demographics and comorbid-
ities of those readmitted one, two, or three times after PLF
can be found in Table 1.

Rate of readmissions from day O to 90 days postdi-
scharge were then graphed by postdischarge day (Fig. 1).
Of the 3,124 readmissions, including multiple readmissions
that occurred within 90 days postdischarge, 1,705 (54.58%)
occurred within the first 30 days.

Any Readmission after Posterior Lumbar Fusion
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Fig. 1. All admissions following all posterior lumbar fusions with day post-discharge after index admission shown on the x axis and percentage of sample
shown on the y axis. Admissions within the first 30 days post-discharge are to the left of the vertical line and shaded gray. 54.58% of all 90-day admission
occurred within the first 30 days. The rate of readmissions seems to visually plateau within 90 days.
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Fig. 2. All admissions following posterior lumbar fusions in Q1 with day post-discharge after index admission shown on the x axis and percentage of sample
shown on the y axis. The horizontal dashed line indicates 0.081% of the Q1 sample admitted, on average, per day in Q4. Of note, the projected baseline read-
mission seems to remain relatively constant for the full duration of observation, not only within the first 90 days seen in Fig. 1.

readmission above the baseline admission rate of a matched
population for the 4th quarter of the year (0.08% of the pop-
ulation/day), 89.78% occurred within the first 30 days. In
fact, by postdischarge day 40, the moving average readmis-
sion rates approximated the baseline admission rate.

Baseline admission rate

There were 8,993 documented PLFs in the HCUP-NRD
in the 1st quarter (Q1). The readmission rate is graphed rel-
ative to postdischarge day followed to up to a year (Fig. 2).
By the 4th quarter (Q4), this subpopulation had 672 admis-
sions, which averages to 7.30 admissions per day or

0.081% of the Q1 population per day. Discussion

Unplanned readmissions after surgeries such as PLF
are important markers of quality of care. To that point,

Adjusted 30 vs 90 day readmissions 90-day readmissions are expected to receive increased

The graph of 90-day readmissions from Fig. 1 was
repeated now adjusting for the baseline admission rate cal-
culated in the section above (Fig. 3). If only counting

attention as bundled payments are considered for spine
surgeries as has been done for joint arthroplasties [9].
Previous studies regarding readmissions for spine surgery
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Fig. 3. All admissions following posterior lumbar fusions with days post discharge after index admission shown on the x axis and percentage of sample
shown on the y axis. The difference between baseline admission rate and observed admissions shaded gray. 89.78% of all 90-day admissions over the baseline
admission rate occurred within the first 30 days. 5-day admission patterns were not statistically different from baseline admission rates at 40 days (arrow).
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usually have a 30-day postoperative follow-up period and
thus do not cover the full 90-day window [6,7]. The
HCUP-NRD has provided a means to investigate admis-
sions on a longer scale through tracking patient admis-
sions between all participating centers for up to a full
calendar year, allowing for the most accurate means of
currently tracking readmissions. The purpose of the cur-
rent study was to evaluate the incidence of readmissions
within this longer follow-up time for patients undergoing
PLF.

The 30-day readmission rate of 5.91% was similar to
previously reported NSQIP data (5.6%) [15]. However, it is
notable that the total number of admissions almost doubled
after following them out to 90 days (9.74%). On first pass,
this seems to suggest that the readmission rates may still be
rising around the 30-day postdischarge window. However,
it was visually noted that the readmission rate seemed to
plateau around that point (Fig. 1). Statistically, the change
in the 5-day average readmission rates also decreased and
fluctuated less around the 1-month mark. The difference
between the total number of readmissions after 30 and
90 days seemed to be related to the fact that a low baseline
level of readmissions continued through the 30-day postdi-
scharge period for up to a full year (Fig. 2).

The above finding led this study down the path of further
evaluating baseline readmissions. In order to find a matched
cohort, readmissions of a subset of the patients who had
surgery in the first quarter of the year was evaluated in the
final quarter of the year. The admissions documented in the
HCUP-NRD indicated that, on average, 0.081% of the sam-
ple population is admitted daily 6 months after their index
procedure. This baseline rate is an estimate of how often
this cohort is hospitalized for reasons not related to the
PLF. Though this rate is small, it accounts for most admis-
sions after 30 days postdischarge. As opposed to only
54.58% of the 90-day readmissions occurring in the first
30 days if not taking a baseline readmission rate into
account, this proportion increased to 89.78% of the 90-day
readmissions occurring in the first 30 days if the calculated
baseline readmission rate was subtracted out. The differ-
ence of average rate of readmission across 5 days and the
baseline readmission rate became statistically insignificant
after day 40, quantitatively supporting our previous obser-
vations regarding a plateau in the readmission rates (Fig. 3).

Another means of estimating baseline hospital admission
rates include the National Health Interview Survey. Though
it has a much larger sample size, it does not contain details
to form a matched population. Additionally, it underesti-
mates the amount of hospital admission as the National
Health Interview Survey only documents up to 3 admis-
sions per individual for the year [16].

Regardless of the method used to estimate a baseline
admission rate, it is important to consider it when determin-
ing the length of an episode of care to avoid overestimating
the effect a procedure has on readmissions. Of course, this
does not negate the ideal of incorporating all admissions in

the calculation of the value of a bundled payment, but
underscores that the longer the episode of care, the more
the baseline readmissions contribute to the cost of care.

There are limitations to the current study. As with any
large database, there are inherent limitations to data col-
lected. As an administrative database, the HCUP-NRD does
not contain spine-specific measures, such as presence or
absence of an interbody, and the data can be inaccurate for a
specific procedure [17]. Additionally the number of readmis-
sions noted in the database is an underestimate of the actual
incidence as there would be loss of follow-up if patients
were readmitted to centers that did not participate in the
HCUP-NRD. The estimate this database provides is more
accurate than single and small multiple institutional studies
as each patient has a unique linkage number that tracks their
admissions between a larger amount of hospitals. Finally,
the relation between fusion and readmissions could not be
accurately determined from diagnosis codes without a full
clinical picture. However, the primary data collected was
admissions, a binary variable that seems more reliable to
work from. By using such data, there was power to study
the relatively rare events of readmissions at a national level.

As health care moves more toward bundled payments, it
is important to investigate admission rates within the poten-
tial follow-up windows. The relatively new HCUP-NRD
tracks patients for all admissions within a calendar year,
allowing investigation beyond the current 30-day postoper-
ative follow-up found in the commonly used NSQIP data-
base. The data shows that approximately half of admissions
within 90 days after PLF occur within the first 30 days.
However, it is important to note that much of this may be
attributed to baseline admission rates. Areas of future stud-
ies include determining aspects of care and costs during
these longer periods of postoperative care.
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