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Abstract

Introduction:

SURGIFLOTM and FLOSEAL� are absorbable gelatin-based products that form hemostatic matrices. These

products are indicated as adjuncts to hemostasis when control of bleeding by conventional surgical

techniques (such as suture, ligature or cautery) is ineffective or impractical. This study analyzed the

effect of surgery time and the choice of product on cost to the hospital and patient outcomes.

Methods:

The data source was the Premier Hospital database from January 1, 2010–June 30, 2012. Eligible patients

were �18 years of age with a spinal fusion or refusion surgery with either SURGIFLOTM (Ethicon Inc.) or

FLOSEAL� (Baxter International Inc.). The hospital Charge Master was used to identify the amount of

flowable product, whether it included Thrombin, and the cost. Multivariable models were performed on

overall cost and likelihood of surgical complications. All models were adjusted for patient demographics and

severity as well as hospital, and surgical characteristics.

Results:

A total of 24,882 patient records from 121 hospitals were analysed, which included 15,088 FLOSEAL�

records and 9794 SURGIFLOTM records, with 1498 SURGIFLOTM with Thrombin patients. Little or no

differences in surgical complications were found between surgeries with SURGIFLOTM vs surgery with

FLOSEAL�. Regression models showed a reduction in cost of $65 associated with use of SURGIFLOTM

with Thrombin and an additional $21 reduction in hospital cost for each additional hour of surgery. Modeling

which accounts for hospital fixed effects suggest that, in addition to a gap of �$300 favoring SURGIFLOTM

with Thrombin, every additional hour of surgery was associated with an additional reduction in hospital costs

of �$26.

Conclusions:

While the choice of flowable product had no effect on clinical outcomes, use of SURGIFLOTM was associated

with hospital cost savings for flowable product. These savings increased with the length of surgery, even

when controlling for the amount of flowable product (mL) used.

Introduction

A whole host of topical hemostatic agents are available to control intra-
operative bleeding in spine fusion surgery, with each playing a role based on
the type and location of the bleeding. Flowables are among these topical hemo-
static agents, which are found to be useful when traditional approaches are
impractical, or when more than one hemostatic method is indicated, sometimes
due to failure of conventional approaches such as sutures, cautery, or ligatures1,2.

With their gel matrix, flowables remain in place more effectively than liquid
Thrombin alone, a longstanding tool for topical hemostasis3. They can conform
to the shape of the tissue4, fill deep lesions, remove excess material with gentle
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irrigation2, and can be prepared in minutes5. As a result,
flowable agents have gained traction6,7 and are used in an
array of surgeries besides spine5,8, such as cardiac9,10, vas-
cular3,11, renal12–14, cranial15,16, sinus17, liver6,18, and total
knee arthroplasty19,20.

Currently, SURGIFLOTM (Ethicon Inc., Somerville,
NJ) and FLOSEAL� (Baxter International Inc.,
Deerfield, IL) are the two marketed flowable hemostatic
agents in the US, both of which are useful in spinal surgery
for their quick hemostatic effect5,21. SURGIFLOTM, avail-
able in 8 mL tubes, is composed of absorbable porcine gel-
atin particles, and is packaged with and without
Thrombin. FLOSEAL�, packaged in 5 mL and 10 mL
tubes, is a mix of absorbable bovine gelatin particles and
pooled human Thrombin22. A head-to-head comparison
by Gazzeri et al.5 indicated that the two have similar effi-
cacy, as measured by time to bleeding control (less than 5
minutes), and safety in neurosurgery (no complications
related to the hemostatic agents).

Given their comparable abilities to control bleeding, a
question arises in today’s utilization-conscious healthcare
environment as to the economic benefits of using one vs
the other. The cost impact of flowable hemostatic agents is
substantial, as multiple units of the product are often
required in spinal fusion surgery, a procedure in which
intra-operative blood loss is common23 and often exces-
sive8. This cost is amplified as there are an estimated
400,000 spinal fusion and refusion surgery discharges
annually in the US in recent years24,25, with a mean cost
of nearly $28,000 each25.

Our study uses a large US hospital database to analyze
and compare the economic impact of selecting
SURGIFLOTM or FLOSEAL� in spinal fusion and spinal
refusion surgeries. Our main objective was to compare eco-
nomic and clinical outcomes of the two flowable hemostat
agents: SURGIFLOTM with Thrombin and FLOSEAL�

during spinal fusion and refusion surgeries. Main outcomes
of interest included flowable products cost to the hospital
overall for primary surgical procedure and the likelihood of
clinical events related to bleeding during the hospitaliza-
tion: blood transfusions, haemorrhage, and wound
complications.

Materials and methods

Data source

The Premier hospital database was used as the data source
for this study. This database contains complete patient
billing, hospital cost, and coding histories from more
than 600 healthcare facilities throughout the US. The
data from which this study was derived were extracted
from more than 25 million inpatient discharges and
175 million hospital outpatient visits from acute care

facilities, ambulatory surgery centers, and clinics across
the nation.

A protocol describing the analysis objectives, criteria
for patient selection, data elements of interest, and statis-
tical methods was submitted to the New England
Institutional Review Board (NEIRB) and exemption was
obtained (NEIRB# 13-230).

Inclusion criteria

Eligible patients were�18 years of age and had undergone
a spinal fusion or refusion surgery during the time period of
January 1, 2010 through June 30, 2012. Patients were cate-
gorized according to the type of fusion (primary or refu-
sion), the location of the spine being fused (cervical,
thoracic, lumbar, not specified), and the combination
of fusions occurring (a patient can have more than one
region of the spine being fused during the same surgery)
and surgical approach (anterior, posterior, single incision,
not specified). International Classification of Diseases,
Ninth Edition (ICD-9) procedure codes were used to clas-
sify the type of surgery and approach (see Appendix A for
a complete listing of the coded categories).

Spinal fusion and refusion procedures utilizing
SURGIFLOTM or FLOSEAL� were identified if ‘text’
fields were found when mining the hospital Charge
Master file for each patient indicating use of the specific
gelatin hemostatic agent. Similarly, text mining was used
to identify the total quantity in milliliters of the two flow-
able products, and, in the case of FLOSEAL�, how many
5 mL and 10 mL tubes were used.

Data elements

For all eligible patients, elements describing cost, surgery
time, use of SURGIFLOTM or FLOSEAL�, type of fusion
by location, and approach, as well as indication for pro-
cedure were obtained. The use of SURGIFLOTM or
FLOSEAL� during surgery was captured through text
mining the Premier hospital chargemaster. Product size
(mL), quantity of tubes utilized, and whether or not
Thrombin accompanied the product were all identified.
FLOSEAL� had two different size packages (5 mL or
10 mL) and the package always was accompanied by
Thrombin. SURGIFLOTM, on the other hand, came in
only 8 mL tubes and came with or without Thrombin.

Cost analysis reflected the cost of the product
SURGIFLOTM with Thrombin, FLOSEAL�, and the pro-
cedure to the hospital. The pre-operative All Patient
Refined Diagnosis Related Groups (APR-DRG) severity
level was used as an index of comorbidity. The 3 M APR
DRG Classification System is a widely adopted proprietary
risk adjustment classification tool, which uses information
from routine claims data to produce valid and reliable
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severity measurement and risk adjustment scores26. It is
used to account for differences related to an individual’s
severity-of-illness or risk-of-mortality in large data-sets.
Admission type (emergency, urgent, elective, trauma)
was also used to stratify patients’ risk. Information on
socio-demographic characteristics and health insurance
status were also included. Cross-sectional specification
also included descriptors of the care setting, namely
census region, urban or rural setting, teaching hospital
status, and facility bed count.

Surgical complications (identified by ICD-9 codes)
included: blood transfusions, haemorrhage, and wound
complications. Adverse events (identified by ICD-9
codes) that occurred intra-operatively were flagged and
included in the analysis. These categories included:
organ injury, cardiac, respiratory, stroke/transient ische-
mic attack (TIA), and neurological. A detailed list of
each event and the corresponding ICD-9 code is found
in Appendix B.

Statistical analyses

Outcomes of interest included flowable products cost for
the primary surgical procedure and the likelihood of surgi-
cal complications (blood transfusion, haemorrhage, and
wound complications). Two sets of multivariable model
specifications were used to assess these outcomes of inter-
est: the first was an ordinary least squares (OLS) cross-sec-
tional specification and the second specification added
hospital-level fixed effects. The fixed-effects model assists
in controlling for unobserved heterogeneity when this het-
erogeneity is constant over time and correlated with the
choice of flowable agent within hospitals. This constant is
removed from the data through differencing. These vari-
ations in the model specifications were included to assess
effect of flowable hemostatic agent use on costs and clin-
ical outcomes across hospitals and within hospitals.

YC
jikt ¼ �1 � SURGjikt þ �2 � Ljikt þ �3 � SURGjikt � Ljikt

� �

� � Xjikt þ �t þ �i þ "jikt

ð1Þ

Where YC
jikt represents the dependent variable, which is

either the cost of the flowable agent or clinical outcomes
for patient j, in hospital i, receiving surgery k at time t. The
main variables of interest are SURGjikt, an indicator for

the flowable agent (1¼SURGIFLOTM with Thrombin;
0¼ FLOSEAL�), Ljikt, surgery length in hours, and the
interaction between the flowable agent and the length of
surgery. The coefficient estimate for the flowable agent’s
indicator would capture differences in cost to the hospital
and complications between the agents. The coefficient
estimate on surgery length captures the effect of prolonged
surgeries on costs and outcomes. The interaction term
would capture differences in cost and complications
between the agents as surgeries become lengthier.

In addition, regression models included control for
month and year indicators (�t), and a set of variables
Xjikt, including milliliters per tube used, cost of
Thrombin, patient characteristics (gender, age, age
squared, race, and marital status), patient insurance type
(Medicare and Medicaid fee for service, Medicare and
Medicaid managed care with and without capitation, com-
mercial managed care with and without capitation, com-
mercial insurance, charity care, indigent care, self-pay,
worker compensation, and direct pay by employer), mor-
tality risk and patient severity measures (minor, moderate,
major, and extreme), type of hospital admission (emer-
gency, urgent, elective, or trauma), surgery characteristics
(fusion vs refusion, number of vertebrae, technique, and
location of surgery), and indicators for surgical
complications.

Robustness checks were performed by varying surgery
length 5–8 h vs surgeries lasting 9–12 h and by creating
interaction terms for hemostatic matrices by surgery time
categories in hours (1–4, 5–8, 9–12).

All analyses were conducted using Stata Statistical
Software: Release 12 (StataCorp LP, College Station,
TX). P-values � 0.05 were considered statistically
significant.

Results

A total of 24,882 patient records from 121 hospitals were
analyzed. There were 9794 patients identified with
SURGIFLOTM use and 15,088 patients with FLOSEAL�

use. Since FLOSEAL� always includes Thrombin, a serine
protease that serves to catalyze coagulation-related reac-
tions, our analysis focuses on a sub-set of 1498
SURGIFLOTM patients who were treated with
Thrombin (SURGIFLOTM with Thrombin). The patient
attrition process is shown in Figure 1. Of these procedures,
95.9% were fusions (n¼ 23,873), while 1009 (4.1%) were
refusions.

Table 1 presents patient demographics by FLOSEAL�

and SURGIFLOTM for the entire sample of 24,882
patients shown in three groups: 15,088 patients used
FLOSEAL�, 9794 patients used SURGIFLOTM (all
SURGIFLOTM group included 1498 patients with
Thrombin and 8296 patients without Thrombin), 1498
SURGIFLOTM with Thrombin. Average patient age in
our sample was 57.2 years for the all SURGIFLOTM

group, 58.4 years for SURGIFLOTM with Thrombin, and
56.7 years for FLOSEAL�. The share of females was higher
for all SURGIFLOTM and SURGIFLOTM with Thrombin
(54.7% and 55.1%) than for FLOSEAL� (51.4%).
Characteristics such as race, marital status, and insurance
type were similar for all SURGIFLOTM and FLOSEAL�

patients. All SURGIFLOTM patients were more likely to
be characterized by low mortality risk compared to
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SURGIFLOTM with Thrombin and FLOSEAL� patients.
On the other hand, all SURGIFLOTM patients were more
likely to have an emergency admission to the hospital
(91.2% compared with 80.6% for FLOSEAL� and 88%
for SURGIFLOTM with Thrombin), while FLOSEAL�

patients were more likely to have an elective procedure
(12% compared with 5.9% all SURGIFLOTM and 6.1%
SURGIFLOTM with Thrombin).

Table 2 presents key surgical characteristics. Surgeries
involving FLOSEAL� were longer than those involving
all SURGIFLOTM or SURGIFLOTM with Thrombin (4 h
30 min vs 3 h 50 min and 3 h 55 min). Surgeries involving
all SURGIFLOTM and FLOSEAL� were found to have
similar surgery location, type, and technique. The size of
units is given for each group, SURGIFLOTM is sold in 8 mL
units, FLOSEAL� units were split between 5 mL and
10 mL units.

Table 3 presents the descriptive outcomes of interest.
Most notably, hospitals spent, on average, $349.8 for
FLOSEAL� vs $222.66 for SURGIFLOTM with
Thrombin. The likelihood of surgical complications such
as blood transfusion, haemorrhage, and wound complica-
tions were similar across the all SURGIFLOTM and

FLOSEAL� products. The SURGIFLOTM with
Thrombin group had a higher percentage of blood trans-
fusions in these summary statistics, which is likely due to
the older age, higher risk, and severity groups seen in
demographic statistics of Table 1.

The regression results for hospital costs on flowable
hemostatic agents are presented in Table 4. The analysis
is performed on the restricted sample of 16,586 patients for
whom either FLOSEAL� or SURGIFLOTM with
Thrombin was used. The table presents results from the
cross-sectional model and the fixed-effects model, each
model includes seven columns representing differing
degrees of variable saturation. The first column includes
only our three variables of interest. In the second column,
month and year indicators are added, in the third we con-
trol for product quantity in milliliters, in the fourth we add
patient characteristics, in the fifth we add patient risk and
severity scores as well as admission type, in the sixth we
include surgery characteristics, and in the seventh—most
saturated—model we include indicators for a set of surgery
complications.

In all 14 specifications, the use of SURGIFLOTM with
Thrombin is associated with statistically significant

SURGIFLO™ 
with 

Thrombin 
FLOSEAL® 

SURGIFLO™
with 

Thrombin 
and 

FLOSEAL®
Starting Sample: All patients receiving spinal

fusion and refusion surgeries with either

SURGIFLO™ or FLOSEAL®
10,629 20,116 30,745

Exclude all patients with zero or negative cost for

SURGIFLO™ or FLOSEAL® 10,448 19,531 29,979

Exclude all patients with cost for SURGIFLO™ or

FLOSEAL® exceeding $3000
10,446 19,495 29,941

Exclude all patients with surgery length above 12h 10,057 18,068 28,125*

Exclude all patients with missing data on mLs 9,794 15,088 24,882†

Exclude all patients using SURGIFLO™ not

combined with Thrombin 
1,498 15,088 16,586‡

*Overall sample with imputed mL figures.
†Overall sample.
‡Thrombin sample.

Figure 1. Attrition diagram.
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reductions in hospital costs for the flowable hemostatic
agent. The magnitude of the reduction varies by specifica-
tion. In the hospital fixed effects specification, the reduc-
tion in costs varies between $297.2–$388.7. Stated
differently, when controlling for surgery length, month,
year, quantity of product, patient demographics, admission
type, mortality risk, severity, surgery characteristics, sur-
gery complications, and controlling for the individual hos-
pital, the use of SURGIFLOTM with Thrombin was
associated with approximately a $300 reduction in hospital
costs for flowable product. When performing the same ana-
lysis using all surgeries (n¼ 24,882), the results are quali-
tatively similar (see Appendix C).

Hospital costs on flowable hemostatic agents rise with
the length of surgery. This relationship persisted even
when controlling for the product quantity (in milliliters).
Controlling for both surgery length and flowable agent, we
sought to identify the effect on differential costs as sur-
geries became lengthier. To make this determination, we
estimated an interaction term for the surgery length
variable with the SURGIFLOTM with Thrombin indicator

variable. The results suggest that, in addition to a gap of
�$300, a baseline favoring SURGIFLOTM, every add-
itional hour of surgery was associated with an additional
reduction in hospital costs of �$25.7. For example, an 8-h
surgery with SURGIFLOTM with Thrombin would reduce
hospital costs by �$500 compared to an 8-h surgery with
FLOSEAL� performed at the same hospital, and control-
ling for surgery, patients, and other characteristics.

In the most saturated hospital fixed-effect regression,
R-squared equaled 0.903 (Table 4), indicating that our
linear regression model explains more than 90% of the
variability of the response data around its mean. These
results were also confirmed by the cross-sectional model
(Table 4), which showed that reduction in costs for utiliz-
ing SURGIFLOTM with Thrombin compared to
FLOSEAL� was estimated at $65, with additional esti-
mated reduction of $21 for each additional hour of surgery.

Given the differences in hospital costs on flowable
hemostatic agents, it was important to analyze potential
differences in outcomes between the two agents. To
address this issue, we repeated our regression models

Table 1. Patient demographics.

All SURGIFLOTM SURGIFLOTM with Thrombin FLOSEAL�

Variable n Mean SD n Mean SD n Mean SD

Age 9794 57.2 13.9 1498 58.4 14.4 15,088 56.7 14.8
Gender

Female 5354 54.7% 825 55.1% 7753 51.4%
Male 4440 45.3% 673 44.9% 7335 48.6%

Marital Status
Married 5343 54.6% 597 39.9% 8404 55.7%
Single 4080 41.7% 856 57.2% 5936 39.3%
Other 371 3.8% 43 2.9% 748 5.0%

Race
White 7685 78.5% 1293 86.3% 11,979 79.4%
Black 707 7.2% 73 4.9% 1162 7.7%
Hispanic 175 1.8% 33 2.2% 216 1.4%
Other 1227 12.5% 99 6.6% 1731 11.5%

Insurance Type
Medicare 3674 37.5% 655 43.7% 5480 36.3%
Medicaid 502 5.1% 69 5.9% 940 6.2%
Managed Care 3131 32.0% 468 31.2% 5511 36.5%
Commercial 798 8.2% 49 3.3% 1334 8.8%
Charity/Self Pay 120 1.2% 24 1.6% 266 1.8%
Other 1569 16.0% 173 11.6% 1557 10.3%

Mortality Risk
Minor 8012 81.8% 1148 76.6% 11,650 77.2%
Moderate 1265 12.9% 224 15.0% 2204 14.6%
Major 386 3.9% 87 5.8% 852 5.7%
Extreme 131 1.3% 39 2.6% 382 2.5%

Severity
Minor 4695 47.9% 494 33.0% 6345 42.1%
Moderate 3732 38.1% 690 46.1% 5767 38.2%
Major 1162 11.9% 254 17.0% 2325 15.4%
Extreme 205 2.1% 60 4.0% 651 4.3%

Admission Type
Emergency 8929 91.2% 1319 88.1% 12,155 80.6%
Urgent 52 0.5% 0 0.0% 263 1.7%
Elective 578 5.9% 92 6.1% 1808 12.0%
Trauma 196 2.0% 55 3.7% 815 5.4%

All SURGIFLOTM includes both surgeries with and without Thrombin.
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looking at the following clinical end-points: evidence of
blood transfusion, evidence of haemorrhage, and evidence
of wound complications. The results are presented in
Table 5. Overall, we found little or no differences in clin-
ical outcomes measured by haemorrhage and wound com-
plications between patients treated with SURGIFLOTM

with Thrombin vs FLOSEAL�. Notably, in nine of
the 12 model specifications, the use of SURGIFLOTM

with Thrombin was associated with approximately an
11% reduction in the likelihood of blood transfusion.
Although not conclusive at this time, this directional
finding suggests the need for future prospective research.

Discussion

The purpose of this study was to compare clinical and eco-
nomic outcomes of two marketed flowable hemostatic
agents, SURGIFLOTM with Thrombin and FLOSEAL�,
during spinal fusion and refusion surgeries. The

retrospective analyses showed no clinically significant dif-
ference between these two products in multiple outcomes,
but there were substantial differences in cost between
SURGIFLOTM and FLOSEAL�. On average, hospitals
spent $349.8 for FLOSEAL� as compared to $222.66 for
SURGIFLOTM with Thrombin, and cost differences rose
with length of surgery. Specifically, every additional hour
of surgery was associated with an additional reduction in
hospital costs. This reduction in cost per hour was esti-
mated at $21.3 from the cross-sectional models and
$25.7 in favor of SURGIFLOTM with Thrombin estimated
from the hospital fixed effects model. Also, in all 14 spe-
cifications, SURGIFLOTM with Thrombin use was tied to
statistically significant reductions in hospital costs for this
agent, with the magnitude of the reduction varying by
specification. In the cross-sectional specification, there
was an �$65 difference in hospital costs and, in the hos-
pital fixed effects specification, there was an�$300 differ-
ence in hospital costs.

Table 2. Surgical characteristics.

All SURGIFLOTM SURGIFLOTM with Thrombin FLOSEAL�

Variable n Mean SD n Mean SD n Mean SD

Surgery length (h) 9794 3.85 2.00 1498 3.92 1.68 15,088 4.49 1.94
Surgery-location

Cervical 3722 38.0% 554 36.0% 6119 40.6%
Thoracic 616 6.3% 107 7.1% 1341 8.9%
Lumbar 5539 56.6% 851 56.8% 7721 51.2%

Surgery technique
Anterior 4077 41.6% 742 49.5% 6998 46.4%
Posterior 3712 37.9% 614 41.0% 5874 38.9%
Lateral 2755 28.1% 434 29.0% 4071 27.0%

Surgery type
Fusion (2–3 V) 7543 77.0% 1072 71.6% 11,255 74.6%
Fusion (4–8 V) 1466 15.0% 326 21.8% 2949 19.6%
Fusion (9þV) 134 1.4% 20 1.3% 242 1.6%
Refusion (2–3 V) 336 3.4% 45 3.0% 382 2.5%
Refusion (4–8 V) 93 1.0% 23 1.5% 153 1.0%
Refusion (9þV) 14 0.1% 1 0.1% 22 0.2%

Size of units
5 ml 0 0.0% 0 0.0% 8213 54.4%
8 ml 9794 100.0% 1498 100.0% 0 0.0%
10 ml 0 0.0% 0 0.0% 6875 45.6%

Product quantity (ml) 9794 9.71 5.88 1498 9.27 5.20 15,088 8.76 6.67

All SURGIFLOTM includes both surgeries with and without Thrombin.

Table 3. Outcomes of interest.

All SURGIFLOTM SURGIFLOTM with Thrombin FLOSEAL�

Variable n Mean SD n Mean SD n Mean SD

Hospital flowable Cost ($) 9794 147.8 146.2 1498 222.66 146.25 15,088 349.8 319.7
Surgical complications

Blood transfusion 889 9.1% 244 16.3% 1388 9.2%
Haemorrhage 33 0.3% 8 0.5% 60 0.4%
Wound complication 86 0.9% 22 1.5% 141 0.9%

All SURGIFLOTM includes both surgeries with and without Thrombin.
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These findings are a meaningful addition to the litera-
ture, as few studies evaluate the clinical effectiveness of
these two flowable hemostatic agents5 or on hospital cost.
Yao et al.27 commented that, in neurosurgery, the evidence
is limited to a randomized trial by Renkens et al.28 pub-
lished in 2001, which compared FLOSEAL� to a Gelfoam-
Thrombin control; an animal study29; and a handful of
small case studies. Gazzeri et al.5 also noted the modest
amount of literature describing use of flowable hemostatic
agents in spinal surgery.

There is a published SURGIFLOTM vs FLOSEAL�

comparison by Gazzeri et al.5, which is a retrospective
study of 318 patients who underwent cranial, cranialspinal,
or spinal surgeries. Of this cohort, there were 227 cases of
cranial neurosurgical procedures, four cases of craniocervi-
cal junction, and 89 spinal approach surgeries. Flowable
hemostatic agents were used in 87 of the spinal surgeries.
Overall, FLOSEAL� was used in 264 patients, for brain
and spinal surgery, whereas SURGIFLOTM was used in 54
cases, all of which were brain surgery. The authors note the
greater use of FLOSEAL� was due to its earlier entrance to
the market. The study looked at several indications using
bleeding control, efficacy, and safety in neurosurgery as
end-points. Hemostasis was achieved in all but eight
cases. No complications associated with the flowable
agents occurred in any of the spinal patients. From the
perspective of these end-points, the two agents were
deemed ‘equivalent’, differing only by source of collagen,
and proved to be valuable in cases with difficult hemosta-
sis. No cost data were included.

There are few additional clinical comparative studies of
SURGIFLOTM vs FLOSEAL�. Nogueira et al.12 describe a
comparison of the two agents in a consecutive sample of 35
patients (25 FLOSEAL�; 10 SURGIFLOTM) who under-
went partial laparoscopic nephrectomy between December
2006–August 2007. Patients were comparable in terms of
age, tumor number and location, ischemia, and blood loss,
and they were followed for 6 months. Median blood loss
was 200 ml (range¼ 25–650 mL) in the FLOSEAL� group,
and 150 mL (range¼ 50–1500 mL; p¼ 0.5) in the
SURGIFLOTM group. Researchers found that intra-opera-
tive hemostasis was achieved in all cases, and there were
no associated complications within 3 weeks of the proced-
ure. They concluded that the two agents were comparable.
Our study demonstrated a cost differential between the
two, possibly linked, at least in some degree, to the finding
that the average spinal fusion surgery or refusion surgery
took 3 h 50 min when using SURGIFLOTM, and 4 h
30 min for procedures using FLOSEAL�.

These data fill a void by expanding the body of eco-
nomic knowledge tied to use of flowable hemostatic agents
for spinal fusion and spinal revision surgery in particular.
For example, Schreiber and Neveleff30 describe uncon-
trolled bleeding as linked to higher costs of care.
Boucher and Hannon31 refer to the increasingly highTa
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cost of blood used in transfusions, and how its costs have
doubled in recent years due to costs for high-skilled labor,
procurement, storage, and processing. Those researchers
cited the incremental hospital cost of red blood cell trans-
fusion as $1840–$2760 per unit (2006 dollars), as com-
pared to patients not receiving a transfusion or receiving
autologous blood30,31.

Limitations

Important strengths of this analysis include the prospect-
ively developed protocol that directed the analysis, the
broad geographic and demographic representation of US
hospitals, and the fact that these data are relatively recent
and represent a national setting. We considered tranex-
amic acid as part of the study design, since it is prevalently
used in a procedure like orthopedic surgery. However,
Blanchette et al.32, using Premier data, reported that
anti-fibrinolytics, including tranexamic acid, are used
less than 1% in spinal surgery in the US, while the use of
topical sealants is 67%. This study also had some note-
worthy limitations. Because the data were mined from a
hospital administrative database used for billing purposes,
certain data points were unable to be captured or could not
be clearly identified. Examples include patient body mass
index, and patient behavior, such as smoking habits.
During the 2-year period of the study, ICD-9 codes were
used to identify surgery types and diagnosis codes of inter-
est. Although they are specific, they are limited to hospital
codes and do not include costs outside of the inpatient
setting, costs tied to doctor visits, rehabilitation efforts,
or medication costs. Furthermore, data on surgeon and
institutional learning curves relative to the use of flowable
agents were not available and could not be evaluated.

Conclusion

This study found that, while SURGIFLOTM with
Thrombin has equivalent clinical outcomes to
FLOSEAL� in spinal fusion or refusion procedures,
SURGIFLOTM can significantly save hospital supply
costs compared to FLOSEAL�, particularly as length of
surgery increases. Moreover, supply cost savings rose as
duration of surgery extended, even when the cost was
adjusted for the amount of gelatin matrix (mL) used.
Hospital decision-makers looking to improve cost-effect-
iveness while maintaining quality during spine surgery may
benefit from this cost analysis.
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Appendix A: List of ICD-9 procedure codes
for surgery type, approach, and vertebrae

81.00 Spinal fusion, not otherwise specified
81.01 Atlas-axis spinal fusion
81.02 Other cervical fusion, anterior technique
81.03 Other cervical fusion, posterior technique
81.04 Dorsal and dorsolumbar fusion, anterior technique
81.05 Dorsal and dorsolumbar fusion, posterior technique
81.06 Lumbar and lumbosacral fusion, anterior technique
81.07 Lumbar and lumbosacral fusion, lateral transverse
process technique
81.08 Lumbar and lumbosacral fusion, posterior technique
81.30 Refusion of spine, not otherwise specified
81.31 Refusion of atlas-axis spine
81.32 Refusion of other cervical spine, anterior technique
81.33 Refusion of other cervical spine, posterior technique
81.34 Refusion of dorsal and dorsolumbar spine, anterior
technique
81.35 Refusion of dorsal and dorsolumbar spine, posterior
technique
81.36 Refusion of lumbar and lumbosacral spine, anterior
technique
81.37 Refusion of lumbar and lumbosacral spine, lateral
transverse process
81.38 Refusion of lumbar and lumbosacral spine, posterior
technique
81.39 Refusion of spine, not elsewhere classified
81.61 360� spinal fusion, single incision approach
81.62 Fusion or refusion of 2–3 vertebrae
81.63 Fusion or refusion of 4–8 vertebrae

81.64 Fusion or refusion of 9 or more vertebrae
84.51 Insertion of interbody spinal fusion device

Appendix B: List of ICD-9 procedure and
diagnosis codes for events of interest

	 Blood Transfusion – 99.0, 99.02, 99.03, 99.04, 99.05,
99.07, 99.08, 99.09

	 Haemorrhage – 998.11
	 Wound complications (local superficial infections,

hematoma, seroma, cellulitis, wound dehiscence) –
998.12, 998.13, 998.30, 998.31, 998.32, 998.3

	 Organ injury – 998.2
	 Cardiac (arrhythmia, MI, or heart failure (pulmonary

edema)) – 997.1, 428.1, 428.21, 428.23, 428.31,
428.33, 428.43, 514, 518.4

	 Respiratory (atelectasis, pneumothorax, prolonged air
leak, pneumonia, chylothorax, bronchopleural fistula,
empyema) – 997.39, 998.59, 518.81, 518.84, 518.5,
512.0, 518.0, 510.9, 510.0, 512.1, 512.2, 512.8,
457.8, 507.0, 487.0, 490, 491.21, 491.22, 511.0,
511.1, 511.89, 511.9, 519.01, 480.xx, 482.xx, 483.xx,
484.xx, 485.xx, 486.xx, 513.xx

	 Venous thromboembolism (deep vein thrombosis
(DVT), pulmonary embolism (PE)) – 415.1, 453.4,
453.8, 453.9

	 Neurologic (stroke – hemorrhagic or ischemic, TIA) –
997.02, 997.09, 433.01, 433.11, 433.21, 433.31,
433.81, 433.91, 434.01, 434.11, 434.91, 437.1

Journal of Medical Economics 2015

10 Outcomes and costs between flowable hemostatic agents David et al. www.informahealthcare.com/jme ! 2015 Informa UK Ltd

Jo
ur

na
l o

f 
M

ed
ic

al
 E

co
no

m
ic

s 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
Jo

hn
so

n 
&

Jo
hn

so
n 

Ph
ar

m
ac

eu
tic

al
 R

&
D

 o
n 

06
/0

8/
15

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



A
pp

en
di

x
C

.
R

eg
re

ss
io

n
re

su
lts

fo
r

al
ls

ur
ge

ri
es

(w
ith

an
d

w
ith

ou
t

Th
ro

m
bi

n)

A
ll

su
rg

er
ie

s
(n
¼

24
,8

82
)

–
C

ro
ss

-s
ec

tio
na

l
A

ll
su

rg
er

ie
s

(n
¼

24
,8

82
)

–
H

os
pi

ta
lf

ix
ed

-e
ff

ec
ts

1
2

3
4

5
6

7
8

9
10

11
12

13
14

S
U

R
G

IF
LO

T
M

In
di

ca
to

r
�

27
1.

6*
�

26
6.

8*
�

15
0.

6*
�

14
7.

2*
�

14
8.

9*
�

15
0.

4*
�

15
1.

1*
�

21
1.

2*
�

19
9.

7*
�

11
3.

7*
�

11
5.

2*
�

11
5.

4*
�

11
5.

9*
�

11
6.

3*
[7

.6
58

]
[7

.6
62

]
[4

.9
79

]
[5

.0
27

]
[5

.0
33

]
[5

.0
34

]
[5

.0
38

]
[1

3.
72

]
[1

3.
85

]
[8

.0
82

]
[8

.1
07

]
[8

.1
05

]
[8

.1
08

]
[8

.1
09

]
S

ur
ge

ry
ho

ur
s

32
.9

2*
33

.4
7*

8.
30

8*
7.

95
8*

7.
06

8*
5.

94
6*

5.
73

6*
49

.0
9*

49
.4

3*
13

.0
3*

12
.9

8*
12

.9
6*

11
.8

8*
11

.7
7*

[1
.0

08
]

[1
.0

08
]

[0
.6

66
]

[0
.6

70
]

[0
.6

86
]

[0
.7

32
]

[0
.7

38
]

[1
.0

36
]

[1
.0

35
]

[0
.6

30
]

[0
.6

31
]

[0
.6

43
]

[0
.7

08
]

[0
.7

12
]

S
U

R
G

IF
LO

T
M

In
di

ca
to

r
�

11
.1

9*
�

11
.8

0*
�

24
.3

6*
�

25
.0

3*
�

24
.8

2*
�

24
.2

8*
�

24
.2

1*
�

26
.7

7*
�

27
.4

7*
�

36
.1

3*
�

36
.0

8*
�

35
.9

9*
�

35
.9

2*
�

35
.9

2*
x

S
ur

ge
ry

ho
ur

s
[1

.5
73

]
[1

.5
71

]
[1

.0
15

]
[1

.0
24

]
[1

.0
24

]
[1

.0
24

]
[1

.0
24

]
[1

.7
09

]
[1

.7
07

]
[0

.9
96

]
[0

.9
97

]
[0

.9
97

]
[1

.0
00

]
[1

.0
00

]
C

on
st

an
t

33
5.

6*
30

6.
1*

50
.0

1*
64

.3
4*

74
.1

4*
53

.2
1y

41
.3

3
23

8.
0*

22
0.

9*
20

.9
1*

41
.2

4*
52

.3
9y

43
.7

8*
33

.8
7

[5
.5

83
]

[1
0.

47
]

[6
.8

88
]

[1
4.

77
]

[2
2.

96
]

[2
5.

04
]

[2
5.

39
]

[7
.5

14
]

[1
0.

66
]

[6
.2

84
]

[1
3.

18
]

[2
0.

87
]

[2
2.

57
]

[2
2.

82
]

O
bs

er
va

tio
ns

24
,8

82
24

,8
82

24
,8

82
24

,8
82

24
,8

82
24

,8
82

24
,8

82
24

,8
82

24
,8

82
24

,8
82

24
,8

82
24

,8
82

24
,8

82
24

,8
82

R-
sq

ua
re

d
0.

28
9

0.
29

4
0.

70
6

0.
71

0.
71

1
0.

71
4

0.
71

4
0.

57
0.

57
3

0.
85

5
0.

85
5

0.
85

5
0.

85
6

0.
85

6
M

on
th

/Y
ea

r
D

um
m

ie
s

x
x

x
x

x
x

x
x

x
x

x
x

Pr
od

uc
t

m
L

&
Th

ro
m

bi
n

x
x

x
x

x
x

x
x

x
x

Pa
tie

nt
ch

ar
ac

te
ri

st
ic

s
x

x
x

x
x

x
x

x
R

is
k/

se
ve

ri
ty

/a
dm

is
si

on
x

x
x

x
x

x
S

ur
ge

ry
ch

ar
ac

te
ri

st
ic

s
x

x
x

x
S

ur
ge

ry
co

m
pl

ic
at

io
ns

x
x

S
ta

nd
ar

d
er

ro
rs

in
br

ac
ke

ts
;

*p
5

0.
01

,
yp
5

0.
05

;
M

on
th

-Y
ea

r
In

di
ca

to
r

va
ri

ab
le

s
ar

e
in

cl
ud

ed
bu

t
no

t
re

po
rt

ed
.

xi
nd

ic
at

e
co

nt
ro

ls
us

ed
in

ea
ch

m
od

el
as

de
ta

ile
d

he
re

:M
od

el
s

[1
–

7]
ar

e
cr

os
s-

se
ct

io
na

l,
m

od
el

s
[8

–
14

]c
on

tr
ol

fo
r

ho
sp

ita
lf

ix
ed

ef
fe

ct
s.

M
od

el
s

[1
]a

nd
[8

]:
N

o
co

nt
ro

ls
.M

od
el

s
[2

]a
nd

[9
]:

ad
d

co
nt

ro
ls

fo
r

m
on

th
an

d
ye

ar
.

M
od

el
s

[3
]

an
d

[1
0]

:a
dd

co
nt

ro
ls

fo
r

pr
od

uc
t

qu
an

tit
y

in
m

ill
ili

te
rs

an
d

th
ro

m
bi

n.
M

od
el

s
[4

]
an

d
[1

1]
:

ad
d

co
nt

ro
ls

fo
r

pa
tie

nt
ch

ar
ac

te
ri

st
ic

s.
M

od
el

s
[5

]
an

d
[1

2]
:a

dd
co

nt
ro

ls
fo

r
pa

tie
nt

ri
sk

an
d

se
ve

ri
ty

sc
or

e
as

w
el

la
s

ad
m

is
si

on
ty

pe
.

M
od

el
s

[6
]

an
d

[1
3]

:
ad

d
co

nt
ro

ls
fo

r
su

rg
er

y
ch

ar
ac

te
ri

st
ic

s.
M

od
el

s
[7

]
an

d
[1

4]
:

ad
d

co
nt

ro
ls

fo
r

su
rg

er
y

co
m

pl
ic

at
io

ns
.

Journal of Medical Economics 2015

! 2015 Informa UK Ltd www.informahealthcare.com/jme Outcomes and costs between flowable hemostatic agents David et al. 11

Jo
ur

na
l o

f 
M

ed
ic

al
 E

co
no

m
ic

s 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
Jo

hn
so

n 
&

Jo
hn

so
n 

Ph
ar

m
ac

eu
tic

al
 R

&
D

 o
n 

06
/0

8/
15

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.

breddis
Typewritten Text
034589-150519

breddis
Typewritten Text

breddis
Typewritten Text

breddis
Typewritten Text


	Similar patient outcomes yet different hospital costs between flowable hemostatic agents
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	Transparency
	References
	Appendix A: List of ICD-9 procedure codes for surgery type, approach, and vertebrae
	Appendix B: List of ICD-9 procedure and diagnosis codes for events of interest
	Appendix C. Regression results for all surgeries (with and without Thrombin)



<<
	/PreserveCopyPage true
	/MonoImageDownsampleType /Bicubic
	/MonoImageDict <<
		/K -1
	>>
	/ParseICCProfilesInComments true
	/PreserveHalftoneInfo false
	/TransferFunctionInfo /Preserve
	/GrayImageMinResolution 150
	/EncodeColorImages true
	/AutoFilterGrayImages true
	/ImageMemory 1048576
	/PDFXRegistryName ()
	/EmbedJobOptions true
	/MonoImageFilter /CCITTFaxEncode
	/PDFXNoTrimBoxError true
	/ASCII85EncodePages false
	/DefaultRenderingIntent /Default
	/GrayImageAutoFilterStrategy /JPEG
	/PDFXCompliantPDFOnly false
	/ColorImageResolution 150
	/GrayImageFilter /DCTEncode
	/DownsampleMonoImages true
	/PreserveDICMYKValues false
	/ColorImageFilter /DCTEncode
	/EncodeGrayImages true
	/GrayImageMinDownsampleDepth 2
	/ParseDSCComments true
	/ColorImageAutoFilterStrategy /JPEG
	/EmbedOpenType false
	/AntiAliasMonoImages false
	/JPEG2000ColorImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/ColorImageDepth -1
	/CreateJDFFile false
	/PreserveEPSInfo false
	/PDFXSetBleedBoxToMediaBox true
	/DSCReportingLevel 0
	/NeverEmbed [
	]
	/Optimize true
	/Description <<
		/DEU <>
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/NOR <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/ESP <>
		/FRA <>
		/SUO <>
		/JPN <>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/DAN <>
		/PTB <>
		/SVE <>
	>>
	/CreateJobTicket false
	/EndPage -1
	/MonoImageDepth -1
	/GrayImageResolution 150
	/AutoFilterColorImages true
	/AlwaysEmbed [
	]
	/ColorImageMinResolution 150
	/ParseDSCCommentsForDocInfo true
	/sRGBProfile (sRGB IEC61966-2.1)
	/AutoRotatePages /All
	/MonoImageResolution 600
	/AllowTransparency false
	/GrayACSImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DoThumbnails false
	/GrayImageDepth -1
	/CompressObjects /Tags
	/ColorImageDownsampleThreshold 1.5
	/AntiAliasGrayImages false
	/AntiAliasColorImages false
	/EmbedAllFonts true
	/ColorImageMinResolutionPolicy /OK
	/PDFXOutputConditionIdentifier ()
	/PreserveFlatness true
	/DownsampleColorImages true
	/MonoImageDownsampleThreshold 1.5
	/PDFXOutputIntentProfile ()
	/GrayImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/UsePrologue false
	/ColorACSImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/JPEG2000GrayACSImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/ColorConversionStrategy /sRGB
	/EmitDSCWarnings false
	/MonoImageMinResolutionPolicy /OK
	/UCRandBGInfo /Remove
	/DetectCurves 0.1
	/ColorSettingsFile (None)
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/GrayImageDownsampleThreshold 1.5
	/CropColorImages true
	/JPEG2000ColorACSImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/MonoImageMinResolution 600
	/CalRGBProfile (sRGB IEC61966-2.1)
	/CompressPages true
	/Binding /Left
	/PDFXTrapped /False
	/PDFX3Check false
	/DetectBlends true
	/JPEG2000GrayImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/CompatibilityLevel 1.6
	/GrayImageDownsampleType /Bicubic
	/PDFXOutputCondition ()
	/PassThroughJPEGImages false
	/CannotEmbedFontPolicy /Warning
	/AllowPSXObjects true
	/LockDistillerParams true
	/ConvertImagesToIndexed true
	/GrayImageMinResolutionPolicy /OK
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoPositionEPSFiles true
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/DownsampleGrayImages true
	/PDFX1aCheck false
	/CropGrayImages true
	/CalGrayProfile (Gray Gamma 2.2)
	/CropMonoImages true
	/SubsetFonts true
	/ColorImageDownsampleType /Bicubic
	/CheckCompliance [
		/None
	]
	/PreserveOPIComments false
	/PreserveOverprintSettings true
	/EncodeMonoImages true
	/MaxSubsetPct 100
	/ColorImageMinDownsampleDepth 1
	/ColorImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/OPM 1
	/StartPage 1
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice




