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Floseal only versus in combination in spine surgery: a comparative, retrospective
hospital database evaluation of clinical and healthcare resource outcomes
Manuel G Ramireza, Harel Deutsch b, Nitin Khannac, Donald Cheatema, Dongyan Yanga and Erik Kuntzea

aBaxter Healthcare Corporation, Deerfield, IL, USA; bDepartment of Neurosurgery, Rush University, Chicago, IL, USA; cDepartment of Orthopedics,
Indiana University School of Medicine, Munster, IN, USA

ABSTRACT
Objective: Flowable agents such as Floseal® (F) are often reserved as adjuncts to non-flowable agents
(i.e. gelatin (G) sponges and thrombin (T)) when bleeding is not sufficiently controlled. Based on their
perceived positive impact, it is postulated that flowable agents alone may result in better clinical and
resource utilization outcomes. Clinical and health-care utilization outcomes were compared in this
retrospective analysis of spine surgery cases with charges for Floseal only (FO) and F + G/T.
Methods: The United States Premier Hospital Database was searched for adult spine surgeries per-
formed between October 2010 and September 2015 with FO or F and G/T charges. To obtain an
unbiased treatment estimate, 1:1 propensity-score matching was used to identify FO and F + G/T
cohorts. The cohorts were compared for rates of intraoperative, perioperative, postoperative and
transfusion; blood loss-related, serious and other complications; hospital length-of-stay (LOS), surgical
time, and volume of hemostat charged.
Results: Among 40,335 spine surgeries, 15,105 FO and F + G/T matched pairs were compared.
Significantly (p < 0.0001) lower percentages of FO than F + G/T cases received intraoperative (1.4%
vs. 2.5%), perioperative (1.6% vs. 2.8%), postoperative (1.6% vs 3.0%), and any transfusion (2.3% vs.
4.3%). FO cases had significantly less blood loss complications than F + G/T cases (0.5% vs. 0.8%,
p = 0.0022) and significantly (p < 0.0001) shorter hospital LOS (−0.45 days), surgical time (−39.0 min),
and used less hemostat (−12.5 mL).
Conclusions: Results from this observational hospital database analyses indicate that FO use in spine
surgery is associated with lower blood transfusion use and blood loss complications compared to its
use with adjunct non-flowable hemostatic agents. The shorter hospital stay, reduced surgical time, and
less hemostat volume health-care utilization outcomes that favored FO versus combination use may
translate to health system cost savings. Further validation of these findings using controlled clinical
trials and cost-consequence studies is warranted.
Clinical relevance: The use of flowable hemostatic agents alone may result in better clinical and
possibly economic outcomes in spine surgery.
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Introduction

Bleeding is an anticipated consequence of virtually all types of
surgical procedures. Ideally, each and every surgical procedure
concludes with hemostasis of the surgical field and an optimal
patient outcome. However, a retrospective database analysis
of over 1.6 million inpatient surgeries conducted in the US
between 1 January 2006 and 31 December 2007 revealed that
the percentages of patients who experience bleeding and the
rates of bleeding-related consequences (e.g. intervention(s) to
control bleeding including a return to the operating room,
blood product transfusion) are substantial.[1] The rates of
these bleeding and bleeding-related complications ranged
from 7.5% with reproductive organ procedures to 47.4% with
cardiac procedures [1]. The percentage of patients reported in
Stokes, E. et al. (Table 1), with any type of bleeding-related
complication varied according to subgroup (general: 27.5%;
cardiac: 47.4%; solid organ: 28.5%; non-cardiac thoracic: 34.3%;

vascular: 31.5%; knee/hip replacement: 29.8%; reproductive
organ: 7.5%; spine: 15.0%; and overall: 29.9%) [1].

In the same Stokes et al retrospective database analyses of
107,187 spine surgeries, bleeding and bleeding-related com-
plications occurred in 15.0% of cases [1]. The most common
type of event in the spine surgery cases was blood product
transfusion (14.3%) [1]. Spine surgery cases with a bleeding/
bleeding-related complication exhibited longer hospital and
intensive care unit (ICU) length-of-stay (LOS) as compared to
those that did not experience these events (overall: 7.8 vs.
3.3 days; ICU: 1.7 vs. 0.3 days) [1]. In addition, these events
were associated with increased mean total hospital costs (+
$17,279) [1]. The findings of this large database analysis in
addition to other reports support that the failure to manage
hemostasis during any surgical procedure can result in excess
bleeding and bleeding-related complications and an increase
in patient morbidity and mortality, greater health-care
resource utilization, and overall costs [1–3]. In the case of
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spine surgery procedures, excessive and/or uncontrolled
bleeding also imparts challenges related to the adequate
visualization of the neural elements.

The control of bleeding during surgical procedures is often
managed using a variety of hemostatic agents and tissue
sealants, especially when conventional surgical techniques
such as suturing, cautery, or manual compression fail or are
impractical [4–13]. Hemostatic agents are generally categor-
ized as either passive or active, which refers to their mechan-
ism of action and interaction with or activation of the clotting
cascade [6,8,13]. Specifically, passive agents such as gelatins,
polysaccharide spheres, collagens, and cellulose act via bleed-
ing site contact activation and promotion of platelet aggrega-
tion. The surgical practicality of these agents may be limited in
certain situations such as difficult-to-reach sites, patients who
are receiving anticoagulants, or cases of active bleeding [14–
16]. On the other hand, active agents, such as thrombin, act
biologically on the clotting cascade to potentiate the hemo-
static effect.

The gelatin-thrombin hemostatic matrix, Floseal® (F, Baxter
BioSurgery, Vienna, Austria), is an active flowable topical
hemostat that combines two independent hemostatic agents:
patented bovine-derived gelatin granules and human throm-
bin that work in combination to form a stable clot at the
bleeding site [16–18]. An advantage to the use of flowable
hemostats is that they exhibit both passive and active
mechanisms of action on the blood clotting cascade. The
gelatin granules passively swell to produce a tamponade
effect and the high concentrations of human thrombin com-
ponent actively convert fibrinogen into fibrin monomers,
accelerating clot formation [14,17,18]. F is currently approved
by the US Food and Drug Administration for use in surgical
procedures other than ophthalmologic, as an adjunct to
hemostasis when control of bleeding by ligature or conven-
tional procedures is ineffective or impractical.

Randomized clinical trials and observational studies across
different surgical procedures, including spine surgery, have
shown that the use of flowable gelatin–thrombin hemostatic
matrix products provides significant clinical outcome benefits.
These include reduction of time to hemostasis, less blood loss

and economic/health-care resource utilization benefits such as
shorter surgery times, lower transfusion needs and reduced
hospital LOS as compared to the use of non-flowable hemostatic
agents including topical hemostatic patches or sponges (e.g.
oxidized cellulose, absorbable hemostatic gelatin sponges plus
thrombin) or other comparators [5,11,14–16,19–22].

There is a wide variation in the surgical utilization of flow-
able hemostatic agents by spine surgeons. Some spine sur-
geons will use a single flowable agent such as F as the only
hemostatic agent while a majority of others adopt a combina-
tion use approach where F is reserved as a ‘last line of defense’
for the most challenging bleeding circumstances after other
traditional non-flowable hemostatic agents (e.g. gelatin (G),
thrombin (T)) have failed. To our knowledge, there is limited
clinical evidence in the literature and no evidence-based prac-
tice guideline(s) or algorithm available to spine surgeons to
make a clinically informed choice regarding the benefit of one
strategy over the other (e.g. single use F versus stepwise
combination use of F, G and T). Without such evidence and
guidance, it is difficult to determine whether the single use of
a flowable hemostatic agent alone provides more effective
clinical and resource utilization outcomes and waste reduction
as compared to its use in a combination fashion when a non-
flowable hemostatic agent hasfailed. By comparing the single-
use strategy of Floseal only (FO) versus a combination strategy
of F + G/T, the aim of this retrospective health-care database
analysis is to identify the most positive strategy to treat chal-
lenging and uncontrolled bleeding in spine surgery. To
achieve this, tangible surgical outcomes (e.g. clinical and
healthcare resource utilization) were compared in surgical
cases that had charges for FO with those where F was charged
in combination with a non-flowable absorbable G and T
(F + G/T). In the surgical setting, it is not uncommon for the
staff to bring in, and possibly open (although likely an uncom-
mon practice due to economic reasons), both types of hemo-
static agents. The choice of one or both agents is selected for
use during the procedure, with opened items, whether used
or not, being charged to the case and therefore identified in
this database retrieval. In this type of analysis, it is also not
possible to determine the order of hemostat use if both were

Table 1. Percentages of patients with specific complication events, by surgical subgroup.

Complication Cardiac Vascular

Non-
cardiac
Thoracic

Solid
organ General

Reproductive
organ

Knee/hip
replacement Spinal

Total number of patients 103,829 216,199 142,562 45,687 362,512 384,132 246,815 107,187
Bleeding event only (%) 0.90 1.90 0.70 1.00 0.50 0.80 0.50 0.50%
Re-operation to control bleeding only (%) 0.40 0.40 4.70 0.60 1.90 0.20 0.00 0.20%
Blood product transfusion only (%) 40.90 25.20 22.70 22.80 19.90 5.70 28.60 13.60%
Bleeding event and blood product transfusion (%) 2.50 2.40 1.20 1.80 0.70 0.50 0.70 0.60%
Bleeding event and re-operation to control bleeding (%) 0.30 0.10 0.40 0.10 0.10 0.10 0.00 0.00%
Re-operation to control bleeding and blood product transfusion
(%)

1.00 1.10 3.30 1.50 4.10 0.10 0.00 0.10%

Bleeding event re-operation to control bleeding and blood
product transfusion (%)

1.40 0.40 1.30 0.70 0.30 0.10 0.00 0.00%

Any bleeding-related consequences (%) 47.40 31.50 34.30 28.50 27.50 7.50 29.80 15.00%

Source: Own elaboration with data obtained from Stokes E, Ye X, Shah M, et al. Impact of bleeding-related complications and/or blood product transfusions on
hospital costs in inpatient surgical patients. BMC Health Serv Res. 2011;11:135. Doi: 10.1186/1472–6963-11-135. © 2011 Stokes et al; licensee BioMed Central Ltd.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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utilized, and/or the amount and type of opened hemostat that
may have been abandoned/not used. Other factors that are
difficult to assess and also limit the interpretation of these
analyses are clinical items such as the degree of bleeding
severity and the expertise/skill level of the surgeon, though
this effect should be normalized by the large multicenter
sample.

The authors understand that there is selection bias asso-
ciated with this retrospective observational data. The limita-
tion of the study is associated with retrospective observational
evaluation of registry database. It is less robust than prospec-
tive randomized trials. Several important clinical variables
were not available; certain data points could not be captured
or could not be clearly identified. However, the strengths of
the analysis included the relatively recent and national hospi-
tal representation covered broad geographic and demo-
graphic setting; the large sample size of the spine surgery
population analyzed and propensity scoring methodology
reduced the selection bias of large observational study to
maximum. After propensity score matching, the differences
of baseline characteristics between two cohorts were reduced
to minimum.

The authors are currently performing simulation model-
based analyses to evaluate the overall differences in cost
associated with the FO versus F + G/T hemostasis strategy.
Evidence of approximately 1000 iterations from our different
‘economic Floseal databases’ utilized in a previous cost-con-
sequence analysis of a large retrospective analysis of Floseal
and Surgiflo kit with thrombin in major spine surgery cases
(Price et al. [15]; Makhija et al. [23]) found that the use of F was
associated with less transfusion use, less operative time and

less product volume utilization with these factors resulting in a
cost savings of $151 per major and $574 per severe spine
surgery.

Based on Makhija et al. [23] (Figure 1), the objective was to
estimate the cost-consequence of two flowable hemostatic
matrices (F or Surgiflo) for US hospitals and the main conclu-
sion was as follows: even if F acquisition cost is higher
($48,519 for 245 surgeries), F is expected to generate substan-
tial annual net cost savings ($1,532,896 for 245 surgeries)
compared to Surgiflo. This cost consequence analysis suggests
that cost savings at the hospital level may be generated by
using F rather than Surgiflo.

Materials and methods

Analysis design

This retrospective observational analysis assessed clinical and
health-care resource utilization outcomes between FO or in
combination with G and T (F + G/T) in spine surgery cases
identified through procedural and billing charges in the
Premier’s US Perspective Hospital Database.

Data source

Data for this retrospective database analysis was obtained
from Premier’s US Perspective Hospital Database, a repository
of clinical, economic and resource use data developed for
quality and utilization benchmarking purposes. The database
includes nationally representative hospital data based on bed
size, geographic region and teaching hospital status. The
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Figure 1. Estimated net cost impact of using Floseal versus Surgiflo in an average US hospital performing 245 cardiac surgical procedures per year.
Source: Own elaboration with data obtained from Makhija D, Rock M, Xiong Y, et al. Cost-consequence analysis of different active flowable hemostatic matrices in cardiac surgical
procedures, Journal of Medical Economics. 2017;20(6):565–573, DOI: 10.1080/13,696,998.2017.1284079 homepage: http://www.tandfonline.com/loi/ijme20.
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database comprises data from more than 600 hospital facilities
throughout the US, capturing approximately 25% of hospital
discharges and containing over 490 million hospital encoun-
ters with approximately 6 million added each month [24]. To
protect confidentiality, patient-specific data are de-identified
according to US Health Insurance Portability and
Accountability Act regulations. Therefore, this analysis using
the registry database does not constitute human subject
research and is not subject to International Review Board
approval.

Database case selection criteria

The records of spine surgery cases included in this retrospective
database analysis were of patients who underwent elective, emer-
gent or urgent spine surgerieswith hospitalizations anddischarges
that occurred between 1 October 2010 and 30 September 2015;
hadpresenceof a chargeon thedayof surgery for F aloneor Fwith
G/T andwere at least 18 years old on the day of hospital admission.
Table 2 lists the ICD-9 codes used in the identification of the cases
and in characterizing their primary or secondary surgical type and
severity (i.e. minor, major/severe). In cases of multiple hospitaliza-
tions within the same hospital during the study period, only the
first hospitalization for one of the target procedures was identified
and considered. Database records indicating the use of a sealant or
hemostatic agent other than F with or without G/T and those that
lacked complete demographic/baseline values and/or had uneva-
luable outcomemeasures were excluded from the analysis. If only
the volume of hemostatic agent was missing, the case was
included for all other outcomes.

Data extracted for analyses

Data regarding patient characteristics (i.e. age at the timeof admis-
sion, gender, race, Charlson Comorbidity Index [25], antiplatelet/
anticoagulant use and admission type [i.e. elective, emergent,
urgent]) were extracted. Hospital characteristics data were also
extracted (i.e. teaching hospital status, urban or rural setting, US
geographic region and bed size [0–199, 200–299, 300–499, 500+]).

Outcome variables extracted from the records included
blood product administration, complication outcomes and
health-care resource utilization outcomes. Blood product
administration outcomes were intraoperative transfusion
(defined as any blood product transfusions during the day of
surgery), perioperative transfusion (defined as any blood pro-
duct transfusions 4 days before or after surgery during the
hospitalization period), postoperative transfusions (defined as
any blood product transfusions 7 days after surgery during the
hospitalization period) and transfusion (defined as any packed
red blood cell (pRBC) transfusions during the hospitalization
period).

Complication outcomes extracted were blood loss complica-
tions (e.g. hemorrhage, anemia, thrombocytopenia, hematoma
complicating a procedure, visual complication such as dural punc-
ture during the operation, embolic events or venous thrombosis),
severe complications (e.g. encephalopathy, sepsis, postoperative
infection or acute respiratory failure) and other complications (e.g.
seroma complicating a procedure; urinary, cardiac or respiratory
complications; or volume depletion/dehydration). Complication-
related information that was not present at the time of admission
was derived from the primary or secondary discharge diagnosis
records.

Health-care resource utilization outcomes extracted were
hospital LOS (in days), surgery time (in minutes and derived
from charges where the clinical summary description was
‘surgery time’) and amount of hemostatic matrix volume (i.e.
F in mL and T in IU/mL) used during surgery.

Statistical analyses

All patient and hospital characteristics were summarized descrip-
tively by hemostat charge cohort (i.e. FO or F + G/T). Continuous
variables were summarized using descriptive statistics (number,
mean, standard deviation, median, minimum and maximum)
and categorical variables were presented as counts and percen-
tages. To compare the equivalency of the cohorts, t-tests and chi-
square tests were performed on continuous and categorical
variables, respectively.

Baseline and demographic variables were used in the pro-
pensity score model to obtain a propensity score for every sub-
ject in the FO and F + G/T charge cohorts. The propensity score
for each subject was calculated from a logistic regression model
that included all baseline and demographic data as covariates
and the dependent variable of study treatment (i.e. FO or F + G/
T). A 1:1 matching without replacement utilizing the nearest
available Mahalanobis metric within calipers defined by the
propensity score technique was utilized to match each FO sub-
ject with a F + G/T subject [26–28]. All FO charged cases were
then randomly ordered and a F + G/T charged case with a
propensity score closest to the first treatment case was selected.

Group comparisons of the propensity matched pairs were
made using McNemar’s test for categorical variables (clinical
outcomes) and a paired t-test for continuous variables (health-
care utilization outcomes). All analyses were performed using
SAS/GRAPH® 9.4 software and Base SAS® 9.4. Copyright©

2002–2012, SAS Institute Inc. SAS and all other SAS Institute
INC. Treatment effects were evaluated on the basis of a two-
sided significance level of 0.05. Cases with missing values for any

Table 2. Group assignment by primary or secondary ICD-9 procedural codes.

Major spine surgery
group

81.62: Fusion/refusion vertebrae 2–3
03.4: Tumor resection
80.89: Tumor resection

Severe spine
surgery group

81.63: fusion/refusion vertebrae 4–8
81.64: fusion/refusion vertebrae 9+
03.4 or 80.89 tumor resection+ 80.99: corpectomy or
81.62–81.64 fusion/refusion vertebrae 2–3, 4–8, 9+
03.53: fracture stabilization+ 81.62–81.64 fusion/
refusion vertebrae 2–3, 4–8, 9+
03.53: fracture stabilization+ 80.99: corpectomy or
80.89:
osteotomy+ 81.62–81.64 Fusion/refusion vertebrae
2–3, 4–8, 9+

Minor spine surgery
group

81.02, 81.03: initial cervical fusion
81.32, 81.33: repeat cervical fusion
81.04, 81.05, 81.06, 81.07, 81.08: initial lumbar fusion
81.34, 81.35, 81.36, 81.37, 81.38: repeat lumbar
fusion
81.00: initial fusion
81.30: repeat fusion
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variable(s), with the exception of hemostat volume, were
excluded from analysis.

Results

A total of 40,335 spinal surgery cases were identified with data
extracted from 18,844 cases with a FO charge and 21,491 cases
with F + G/T charges. Propensity score analysis resulted in a total
of 15,105 FO charged casesmatchedwith 15,105 F + G/T charged
cases. After propensity matching, a small percentage but statis-
tically significant difference was observed between the F and
F + G/T cohorts for race, anticoagulant/antiplatelet use, admis-
sion type and hospital characteristics of teaching facility, location
and number of hospital beds (Table 3).

In the 15,105 matched pairs, blood product administration
and blood loss complication outcomes were significantly differ-
ent between the groups (Table 4). Significantly lower (p < 0.0001

for all comparisons) percentages of the FO than the F + G/T
cohort received intraoperative transfusions (1.4% vs. 2.5%), peri-
operative transfusions (1.6% vs. 2.8%), postoperative transfusions
(1.6% vs. 3.0%) and transfusions (2.3% vs. 4.3%). The percentage
of patients who experienced blood loss complications was sig-
nificantly lower in the FO versus the F + G/T cohort (0.5% vs.
0.8%, p = 0.0022), with no difference in the rates of severe or
other complications.

Definition of terms: Intraoperative transfusions were any
blood product transfusions during the day of surgery; peri-
operative transfusions were any blood product transfusions
4 days before or after surgery during the hospitalization
period; postoperative transfusions were any blood product
transfusions 7 days after surgery during the hospitalization
period. Pure-blood/pRBC transfusions were any packed RBC
transfusions during the hospitalization period. Blood loss
complications were those of hemorrhage, anemia, thrombo-
cytopenia, hematoma complicating a procedure, visual com-
plications such as dural puncture during the operation,
embolic events or venous thrombosis. Severe complications
were those of encephalopathy, sepsis, postoperative infec-
tion or acute respiratory failure. Other complications
included seroma complicating a procedure; urinary, cardiac
or respiratory complications or volume depletion/
dehydration.

Health-care resource utilization outcomes were significant
and favored the FO over the F + G/T strategy. As summarized
in Table 5, FO as compared to F + G/T was associated with a
shorter hospital LOS (mean difference of 0.446 days,
p < 0.0001), less surgical time (mean difference of 39.0 min,
p < 0.0001) and a lower volume of hemostat (mean difference
‒12.514 mL, p < 0.001). Further analyses of hemostat volume
(i.e. F in mL and T in IU/mL) revealed that the mean volume of
F was slightly lower in the FO than the F + G/T group (11.385
and 11.393 mL, respectively). The mean volume of T was 0 and
15.340 IU/mL in the FO and F + G/T cohort, respectively [29].

Discussion

This 5-year period, retrospective analysis of a large US data-
base registry identified over 40,000 spine surgery cases in
which the active, flowable gelatin–thrombin hemostatic
matrix, F, was charged and used alone (FO) in 18,844 cases
or charged with gelatin/thrombin (F + G/T) in 21,491 cases. In
the matched pairs, the use of intraoperative, perioperative and
postoperative transfusions and the rate of transfusions and
blood loss complications (only) was significantly less in the
FO compared to the F + G/T group. Significant differences
favoring FO over the combination approach (F + G/T) were
also observed in health-care utilization parameters of hospital
LOS, surgery time and hemostat volume. Further analysis of
hemostat volume revealed that the mean volume of F used
was similar (between 11.365 and 11.767 mL) in the FO and
F + G/T cohorts. In the F + G/T cohort, a mean thrombin
volume of 15.340–16.118 mL was utilized, which in addition
to the higher utilization of blood products in this group repre-
sents a substantial cost component [29].

These clinical and health-care utilization benefits observed
in the FO as compared with F + G/T cohort in spine surgery

Table 3. Patient and provider characteristics after propensity score matching.

Floseal only
(N = 15,105)

Floseal + gelatin/
thrombin (N = 15,105) p-Value

Age (years) 0.4453
Mean (SD) 57.4 (13.6) 57.5 (13.5)
Min, median, max 89, 18, 58 89, 18, 58

Gender, n (%) 0.6783
Male 7153 (47.4%) 7189 (47.6%)
Female 7952 (52.6%) 7916 (52.4%)

Race, n (%) < 0.0001
White 11,651 (77.1%) 12,093 (80.1%)
Black 1242 (8.2%) 1188 (7.9%)
Other 2212 (14.6%) 1824 (12.1%)

CCI score, n (%) 0.3711
0 8567 (56.7%) 8684 (57.5%)
1 4398 (29.1%) 4300 (28.5%)
2+ 2140 (14.2%) 2121 (14.0%)

Anticoagulant/
antiplatelet use, n
(%)

0.0003

Yes 2255 (14.9%) 2485 (16.5%)
No 12,850 (85.1%) 12,620 (83.5%)

Admission type, n (%) 0.0214
Emergency 1527 (10.1%) 1405 (9.3%)
Urgent 1394 (9.2%) 1335 (8.8%)
Elective 12,184 (80.7%) 12,365 (81.9%)

Surgery type, n (%) 0.1938
Primary 14,427 (95.5%) 14,473 (95.8%)
Secondary 678 (4.5%) 632 (4.2%)

Surgery severity, n
(%)

0.2339

Severe 166 (1.1%) 173 (1.1%)
Major 755 (5.0%) 693 (4.6%)
Minor 14,184 (93.9%) 14,239 (94.3%)

Teaching facility, n
(%)

0.0405

Yes 7478 (49.5%) 7656 (50.7%)
No 7627 (50.5%) 7449 (49.3%)

Location, n (%) <0.0001
Urban 14,143 (93.6%) 13,902 (92.0%)
Rural 962 (6.4%) 1203 (8.0%)

US geographic
region, n (%)

0.5169

East 6884 (45.6%) 6970 (46.1%)
Central 5043 (33.4%) 5026 (33.3%)
West 3178 (21.0%) 3109 (20.6%)

Number of beds, n
(%)

<0.0001

0–199 1641 (10.9%) 1549 (10.3%)
200–299 2414 (16.0%) 1843 (12.2%)
300–499 4560 (30.2%) 5090 (33.7%)
500 plus 6490 (43.0%) 6623 (43.8%)
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cases suggest that the use of F alone is effective and poten-
tially cost-effective given the reductions in transfusion utiliza-
tion, complications, hospital LOS, surgical time and hemostat
use. Other research studies in spine surgery have also shown
that F when used alone results in greater clinical and health-
care utilization outcomes as compared to other flowable and
non-flowable hemostatic agents [15,16,30,31].

Spine surgery presents unique challenges in attaining
hemostasis due to the difficulty in visualizing and controlling
epidural and bony bleeding. The use of flowable hemostatic
agents may offer a unique advantage due to their ability to
conform to irregular surfaces that are ubiquitous in spine
surgery cases. Some spine surgeons may utilize F in combina-
tion with non-flowable G/T for different practical and clinical
reasons. To our knowledge, there are no clinical practice
guidelines that support combination use of F and non-flow-
able G/T nor any randomized controlled trials that have been
conducted to evaluate the clinical and health-care utilization
outcomes between the use of a flowable hemostatic matrix
alone and its use in combination with a non-flowable hemo-
stat agent in patients undergoing spine surgery. Furthermore,
this is the first and largest retrospective observational study
known to compare the use of flowable FO with F + non-
flowable G/T. Our findings of the clinical and healthcare
resource utilization advantages with the use of FO alone are
relevant to the continued understanding of the role of FO as
compared with F + G/T in spine surgery cases. It remains to be

determined as to why the combined use of F with G/T was
associated with less favorable surgical outcomes than FO. A
possible explanation for this observation may be a staged
approach towards hemostasis control, with the surgeon
using G/T as an ‘economical’ first-line strategy and then utiliz-
ing F in those cases where hemostasis is not achieved. Data
from this analysis, and as we can attest from our clinical
practice, supports that this strategy may result in longer sur-
gical time, use of greater amounts of blood transfusions and
hospital LOS, all of which incur greater health-care costs and
patient morbidity. This observation underscores the need for
well-controlled randomized comparative trials in order to con-
firm these differences and provide surgeons with additional
guidance as to the selection and use of hemostatic agents.

The strengths of the analysis included the relatively recent
and national hospital representation covering a broad geo-
graphic and demographic setting; large number of treating
physicians from teaching and non-teaching hospitals; the
large sample size of the spine surgery population analyzed
and propensity scoring methodology to minimize potential
selection bias. Limitations of the analysis include its retrospec-
tive observational evaluation of a registry database design,
which is less robust than the conduct of prospective rando-
mized trials. Our interpretation of the findings is limited by the
fact that certain data points could not be captured or could
not be clearly identified. For example, while one can fairly
comfortably assume that those in the FO charged cohort
received F, it is less clear as to what hemostatic agent or
agents and the amount of each that were actually received
by cohort for which both F + G/T were charged. In the surgical
setting, it is not uncommon for the staff to bring in, and
possibly open (although likely an uncommon practice due to
economic reasons), both types of hemostatic agents.

The choice of one or both agents is selected for use during
the procedure, with opened items, whether used or not, being
charged to the case and therefore identified in this database
retrieval. In this type of analysis, it is also not possible to
determine the order of hemostat use if both were utilized
and/or the amount and type of opened hemostat that may
have been abandoned/not used. Other factors that are difficult
to assess and also limit the interpretation of these analyses are
clinical items such as the degree of bleeding severity and the
expertise/skill level of the surgeon, though this effect should
be normalized by the large multicenter sample. Unfortunately,
there is heterogeneity among bleeding definitions and sever-
ity ratings among clinicians [32]. Lewis et al [33] recently
described the validated intraoperative bleeding scale, which
is an intra-operative bleeding severity scale that standardizes
the definition of bleeding and may enhance the effective
utilization of hemostatic agents for the appropriate bleed
severity and improve the evaluation of hemostatic agents
and their effects. Limitations such as these clearly underscore
the need for randomized controlled trials to accurately assess
the impact of FO as compared to F + G/T in spine surgery
cases.

There is an increased focus on cost and waste across the
spectrum of health care. Spine surgery is a high-cost interven-
tion and there have been many studies looking at ways to
decrease costs. Many spine surgeries are moving to the

Table 4. Results of clinical outcomes on propensity matched pairs (Floseal only
vs. Floseal + gelatin/thrombin).

Number of discordant pairs
McNemar
statistic p-Value

Cohort
FO = Yes

F + G/T = No
FO = No

F + G/T = Yes

Number of matched
pairs

15,105 15,105

Intraoperative
transfusions

209 (1.4%) 378 (2.5%) 48.66 <0.0001

Perioperative
transfusions

238 (1.6%) 420 (2.8%) 50.34 <0.0001

Postoperative
transfusions

248 (1.6%) 455 (3.0%) 60.95 <0.0001

Pure-blood/pRBC
transfusions

353 (2.3%) 652 (4.3%) 88.96 <0.0001

Blood loss complications
only

73 (0.5%) 115 (0.8%) 9.38 0.0022

Severe complications 89 (0.6%) 105 (0.7%) 1.32 0.2507
Other complications 54 (0.4%) 68 (0.5%) 1.61 0.2050

FO = Floseal Only; F + G/T = Floseal + Gelatin/Thrombin; pRBC = packed red
blood cells.

Table 5. Results of healthcare resource utilization outcomes on propensity
matched pairs (Floseal only vs. Floseal + gelatin/thrombin).

Number of
matched
pairs

Mean difference
(FO minus F + G/T)

95%
Confidence
interval p-Value

Hospital length
of stay
(days)

15,105 −0.446 (−0.546,
−0.347)

<0.0001

Surgery time
(minutes)

14,927 −39.028 (−42.240,
−35.815)

<0.0001

Hemostat
volume (mL)

10,770 −12.514 (−12.985,
−12.044)

<0.0001

FO = Floseal only; F + G/T = Floseal + gelatin/thrombin.
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outpatient setting with patients only requiring same day or
overnight stays. Hemostasis is a key component in being able
to decrease length of stay and morbidity for these patients.
The cumulative effect of minimally invasive surgery, multimo-
dal anesthesia, effective hemostasis and blood management
utilization has significant potential to bend the cost curve
historically associated with spine surgery.

Conclusion

The findings of the observational propensity score matched
analysis of patients undergoing spine surgery indicate that the
use of F alone and likely first line resulted in low rates of
intraoperative perioperative postoperative and transfusion.
Its use was also associated with shorter surgical times, less
hemostat volume and shorter hospital length of stay as com-
pared to cases in which F and a non-flowable absorbable
gelatin compressed sponge and thrombin were charged.
Further, well-controlled clinical trials and cost-consequence
studies are needed to confirm and further elucidate these
findings and to quantify the cost-savings that may be realized
with the utilization of a single flowable hemostatic matrix
versus combination management of bleeding with flowable
and non-flowable hemostatic agents in patients undergoing
spine surgery.

Limitations

Limitations of the analysis include its retrospective observa-
tional evaluation of a registry database design, which is less
robust than the conduct of prospective randomized trials and
inherently associated with selection biases. As mentioned ear-
lier, the utilization of propensity score matching was done to
reduce the differences between the two cohorts. Specifically,
after propensity score matching methodology was applied,
the two cohorts were closely matched with the exceptions of
race, admission type, anticoagulant/antiplatelet use and sev-
eral hospital-related characteristics. With the exception of
anticoagulant use, it is highly unlikely that the other variable
mismatches contributed significantly to the outcome findings.
Furthermore, with respect to the 1.6% mismatch between the
cohorts (Table 2) in anticoagulant/antiplatelet use (FO 14.9%
and F + G/T 16.5%), this reflects how closely these two cohorts
were matched using this methodology, with this small differ-
ence unlikely to fully explain the significant differences that
were observed in bleeding rates, transfusion use and health-
care resource utilization. Our interpretation of the findings is
limited by the fact that certain data points could not be
captured or could not be clearly identified. For example,
while one can fairly comfortably assume that those in the FO
charged cohort received F, it is less clear as to what hemo-
static agent or agents and the amount of each that were
actually received by cohort for which both F + G/T were
charged. We did not think through the concept that G and T
alone may have been opened in many cases and F only
opened later during the procedure when severe bleeding
was encountered. In the surgical setting, it is not uncommon
for the staff to bring in, and possibly one open (although likely
an uncommon practice due to economic reasons), both types

of hemostatic agents. The choice of one or both agents is
selected for use during the procedure, with opened items,
whether used or not, being charged to the case and therefore
identified in this database retrieval. In this type of analysis, it is
also not possible to determine the order of hemostat use if
both were utilized, and/or the amount and type of opened
hemostat that may have been abandoned/not used. Further,
well-controlled clinical trials and cost-consequence studies are
needed to confirm and further elucidate these findings and to
quantify the cost-savings that may be realized with the utiliza-
tion of a single flowable hemostatic matrix versus combination
management of bleeding with flowable and non-flowable
hemostatic agents in patients undergoing spine surgery.
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