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Abstract
Objective:
The use of hemostatic agents has increased over time for all surgical procedures. The purpose of this study
was to evaluate the newer topical absorbable hemostat products Surgicel* Fibrillary and Surgicel SNoWz
(Surgicel advanced products, abbreviated as SAPs) compared to the older product Surgicel Original (SO) with
respect to healthcare resource use and costs in procedures where these hemostats are most commonly
used.
Research design and methods:
A retrospective analysis of the Premier hospital database was used to identify adults who underwent brain/
cerebral (BC), cardiovascular (CV: valve surgery and coronary artery bypass graft) and carotid
endarterectomy (CEA) between January 2011–December 2012. Among these patients, those treated
with SAPs were compared to those treated with SO. Propensity score matching (PSM) was used to
create comparable groups to evaluate differences between SAPs and SO.
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Main outcome measures:
The primary end-points for this study were length of stay (LOS), all-cause total cost, number of intensive care
unit (ICU) days, ICU cost, transfusion costs and units, and SO/SAP product units per discharge.
Results:
Matched PSM created patient cohorts for SO and SAPs were created for BC (n ¼ 758 for both groups), CV
(n ¼ 3388 for both groups), and CEA (n ¼ 2041 for both groups) procedures. Patients that received SAPs
had a 14–16% lower mean LOS for each procedure compared to SO, as well as 12–18% lower total mean
cost per discharge for each procedure (p50.02 for all results). Mean ICU costs for SAPs were also lower,
with a reduction of 20% for BC and 19% for CV compared to SO (p50.01). However, for CEA, there was no
statistically significant difference in ICU costs for SAPs compared to SO.
Conclusions:
In a retrospective hospital database analysis, the use of SAPs were associated with lower healthcare
resource utilization and costs compared to SO.
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Introduction
Bleeding is a risk in almost all surgical procedures. Difficult
to control, poorly controlled or uncontrolled bleeding can
occur in a considerable proportion of surgeries, e.g., nearly
50% of patients undergoing cardiac surgery experienced a
bleeding-related complication1. These bleeding episodes
can have severe negative repercussions for patients,
including higher rates of transfusion due to bleeding,
increased length of stay, and increased costs by as much
as 93%1. Uncontrolled bleeding is also associated with
increased mortality rates2, and the need for a patient to
undergo a transfusion can significantly impact patient outcomes and cost of care due to this factor alone3.
Adjunctive hemostats are used to treat bleeding in the
surgical setting. Hemostats provide a matrix to assist the
clotting process and serve as a barrier to bleeding4. On
average, 30% of surgeries include the use of a hemostatic
agent5. Adjunctive hemostats include a wide variety of
materials such as gelatin, collagen, cellulose, polysaccharide spheres4, and oxidized regenerated cellulose. All
Surgicel hemostats are made from a plant-derived oxidized
regenerated cellulose (ORC). The first Surgicel hemostat
was Surgicel Original (SO), a sheer woven ORC, which
was approved by the FDA in 1959 and has been used in
4100 million surgical procedures worldwide6. Surgicel
Fibrillar, an ORC with a layered fibrous structure that
can be pulled apart or formed into tufts, and Surgicel
SNoW, a non-woven ORC which can conform to irregular
surfaces, are classified as Surgicel advanced products
(SAPs), and were approved in 1996 and 2012, respectively7. Studies have demonstrated that Surgicel SNoW
and Surgicel Fibrillar have faster times to hemostasis
(43% and 33% faster, respectively) compared to SO8,9.
Due to the improved hemostatic action of SAPs, we
hypothesized that they would be associated with lower
costs and resource utilizations compared to SO.
The purpose of this study was to assess whether SAPs
are associated with a change in resource utilization and
medical costs compared to SO. The differences in these
outcomes between SAPs and SO were assessed in the procedure groupings of brain/cerebral operations (BC), cardiovascular surgeries (CV), and carotid endarterectomy
(CEA). These procedures were selected because they are
common procedures, with more than 30,000 discharges
each for BC, CV, and CEA in the database for the analyzed
time period, and a Surgicel product was used in at least
20% of discharges for each procedure.

maintained by Premier evaluating the clinical and economic outcomes of patients whose discharge data included
the use of SO or SAPs.

Data source
The Premier hospital database (referred to as the Premier
database) was used for this analysis. Premier is a consortium of US community and teaching hospitals that are
non-profit and non-governmental, with 6 million discharges annually. The Premier database covers 25% of
all hospital discharges in the US annually10. The database
consists of chargemaster data, which contains dischargelevel resource utilization, diagnoses, and procedures information in addition to patient demographic and hospital
characteristics. This database contains a day of servicestamped log containing all billed items, laboratory, diagnostic, and therapeutic services, and medications during
the hospital stay. The Premier database was chosen due to
its broad coverage of US inpatient procedure data, allowing for generalizability to the entire US hospital market,
and the ability to define the patient population and measure outcomes of interest to this study.

Study cohort
Adult patients (18 years of age or older) with a hospitalization discharge from the Premier database between
January 1, 2011 and December 31, 2012 were evaluated.
Discharges for the procedure groupings of BC, CV, and
CEA were eligible for inclusion in the study if utilization
of one of the three Surgicel adjunctive hemostat products
of interest, Surgicel Original (SO), Surgicel Fibrillar, or
Surgicel SNoW, was identified in the charge code data
(hemostat hospital charge codes are available upon
request). Hospitalizations were excluded if SO was used
in combination with Surgicel Fibrillar and/or Surgicel
SNoW, or if Surgicel Fibrillar and Surgicel SNoW were
used concomitantly. Any discharges involving Surgicel
Nu-Knit* were also excluded due to relatively low utilization (2% of discharges in BC, CV, and CEA) compared
to SO and SAPs, and because it tends to be used in clinically different settings (i.e., heavier bleeding, non-laparoscopic procedures). BC, CV, and CEA hospitalization were
identified on the basis of ICD-9 procedure and CPT codes
(see Supplementary Table 1). Product utilization was identified on the basis of charge codes. Patients could contribute more than one procedure to the cohort.

Patients and methods

Outcomes

Study design

The primary end-points for this study were length of stay
(LOS), all-cause total cost, number of intensive care unit

This was a retrospective, observational analysis of BC, CV,
and CEA procedures from the US hospital database
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(ICU) days, ICU cost, transfusion costs and units, hospital
mortality, and SO/SAP product units per discharge.
Length of stay and total cost for each hospitalization
were abstracted from the dataset as directly supplied
by the hospital. ICU days were defined as the number
of days any ICU room and board charge code was present
during a hospitalization. ICU cost was the sum of all of the
ICU room and board charges during the hospitalization.
Transfusion standard charge codes for transfused blood
products (red cell, whole blood or platelets) were used to
identify patient discharges with transfusion cost and unit
data. Not all hospitals report transfusion standard charge
codes; therefore, the proportion of patients in the transfusion analysis was a sub-set of all patients that received
transfusions. In-hospital mortality was assessed using discharge status. SO and SAP units per discharge were
defined as the count of SO and SAP units per discharge.

Analysis
Cohorts were divided according to the use of SO or SAPs.
The SAP cohort consisted of Surgicel Fibrillar and
Surgicel SNoW, which were grouped together in this analysis due to their relative similarity in hemostasis time11.
All analyses were performed separately for the indications
of BC, CEA, and CV. Descriptive statistics were calculated
for demographic, clinical, and hospital characteristics.
To reduce or eliminate the effect of treatment-selection
bias, matched pairs of SO and SAP patients were created
using a propensity score matching (PSM) approach12.
PSM is frequently used in the medical literature as a
means to adjust for confounding factors when using observational data to estimate the effect of treatments on outcomes13. Once matched cohorts are created, several
outcomes can be studied; this provides an advantage
over creating independent regression models for each outcome because there is less concern about model misspecification14. In this study, PSM was used to create matched
patient cohorts based on their propensity to be treated
with the product. To estimate a patient’s propensity
for particular treatment, logistic regression models were
fit, regressing on patient and hospital characteristics,
specifically, age, ethnicity, gender, comorbidities (see
Supplementary Table 2 for codes), pre-existing bleeding
condition (see Supplementary Table 3 for codes), teaching/non-teaching hospital status, hospital census region,
urban/rural hospital location, and the use of additional
hemostats during the procedure. Within each matched
patient pair, the types of additional adjunctive hemostats,
e.g., gelatin, thrombin, and flowables, were required to be
identical. Separate models were fit for each procedure.
Patients were matched using a 1:1 greedy matching algorithm15, and standardized differences for all patient and
! 2015 Informa UK Ltd www.informahealthcare.com/jme
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hospital characteristics were calculated to assess the balance of matched patient characteristics.
Standardized differences of demographic and patient
characteristics between SO and SAP cohorts were calculated before and after PSMs to help assess the efficacy of
the PSMs. After the matched cohorts were created, differences between SO and SAP were calculated for all outcome measures: LOS, total cost, ICU days, ICU costs,
transfusion costs and units, and SO/SAP units per discharge for each indication. Statistical differences between
SO and SAP for LOS were assessed with Wilcoxon signed
rank sum tests and the Wilcoxon-Mann-Whitney test was
used for the ICU days. Statistical differences for cost outcomes were calculated using Student’s t-test. Chi-squared
tests were used to evaluate transfusion units. Transfusion
costs and units were evaluated only for patients treated in
hospitals, where this information was recorded. A threshold of 30 discharges each in the SO and SAP groups with
unit and cost data was set for the evaluation of transfusions.
Fisher’s exact test was used to evaluate differences in
mortality.
Statistical analysis was performed using SAS 9.2 (SAS
Institute, Cary, NC).

Results
Cohort characteristics
A total of 30,957 patients with a BC discharge during the
2-year study period were identified in the Premier hospital
database. Of these, 5919 were treated with SO and 1228
treated with SAPs and met the inclusion criteria in the
analysis. For the CV discharge analysis, 107,667 patients
were identified during the study period. Of these, 12,318
SO and 6525 SAP patients from the Premier hospital database were identified as eligible for the study. A total of
30,480 CEA discharges were identified during the 2-year
study period; 5064 were treated with SO and 2595 were
treated with SAPs (Table 1).
Propensity score matching produced cohorts of 1516 for
BC (match rate of 62%), 6776 for CV (match rate of 52%),
and 4082 for CEA (match rate of 79%), with patients
divided equally between SO and SAPs. After matching,
most standardized differences were 0.10 or lower for demographic, co-morbid/pre-existing, or hospital characteristics
(Table 1).

Length of stay
After propensity score matching, utilization of SAPs was
associated with a 14–16% reduction in mean LOS for all
three procedures (see Figure 1). For BC patients, SAPs
were associated with a significant reduction in LOS from
10.4 to 8.9 days for a difference of 1.5 days (p ¼ 0.013).
The reduction in LOS for SAPs compared to SO in CV
Reduced hospital resource use with advanced hemostats Martyn et al.
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Demographics
Age (mean years)
Male
Ethnicity
Caucasian
African American
Hispanic
Other
Comorbidities
AIDS
Any malignancy
Chronic pulmonary dis.
Congestive heart failure
Hemiplegia or paraplegia
Hypertension
Liver disease
Metastatic solid tumor
Obesity
Renal dialysis
Hospital characteristics
Census region
Northeast
Midwest
South
West
Bed size
5200
200–400
4400
Affiliation
Teaching
Non-teaching
Location
Urban
Rural

n
758

Surgicel
Original

Brain/cerebral operations

Table 1. Patient characteristics by procedure type.
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Figure 1. Mean length of stay per discharge for the Surgicel Original and
Advanced cohorts by procedure type. All differences statistically significant
at the p50.02 level; p-values assessed with non-parametric Wilcoxon
signed rank sum test.

patients was similar to BC, with a 1.7 day shorter LOS
(10.4 days for SO, 8.8 days for SAPs, p50.001). CEA
procedures are typically not associated with lengthy inpatient stays for post-operative recovery, thus the LOS for
SO was 2.9 days and for SAPs was 2.5 days for a statistically
significant reduction of 0.4 days (p50.001); this reduction
is similar proportionally to the reductions in LOS for BC
and CV.

All-cause cost per discharge
In all three procedures, utilization of SAPs was associated with statistically significant lower mean allcause costs compared to SO, with the lower mean
costs ranging from 12% for CEA to 18% for BC
(see Figure 2). For BC and CV procedures, which
had high mean all-cause costs per discharge, the
decrease in mean cost was $6891 for BC procedures
and $7056 for CV procedures (p50.001 for both BC
and CV). Mean all-cause costs in the CEA procedure
group were also lower for the SAP cohort compared to
SO ($9454 and $10,787, respectively, p50.001).
While the decrease in per discharge mean cost was
only $1333 for CEA, the difference in cost between
SAPs and SO was proportionally similar to the cost
differences observed for the BC and CV procedures.

ICU costs and length of stay
For the three procedures evaluated in this study, the majority of patients’ hospital stays included a proportion of
! 2015 Informa UK Ltd www.informahealthcare.com/jme

Brain/cerebral Cardiovascular
Surgicel Original

CEA

Surgicel Advanced

Figure 2. Mean all-cause costs per discharge for the Surgicel Original and
Advanced cohorts by procedure type. All differences statistically significant
at the p50.001 level; p-values assessed with paired t-tests.

Table 2. ICU-related days and costs for the Surgicel Original and Advanced
cohorts by procedure type.
Brain/cerebral
n (% of cohort sample)
Original
700 (92%)
Advanced
678 (89%)
Mean ICU days
Original
5.9
Advanced
4.8
p-value*
0.017
Mean ICU costs
Original
$10,796
Advanced
$8,649
p-value**
0.002

Cardiovascular

CEA

2651 (78%)
2763 (82%)

1492 (73%)
1226 (60%)

5.5
4.9
0.743

1.6
1.7
0.666

$9570
$7794
50.001

$2491
$2344
0.169

*p-value assessed with non-parametric Wilcoxon-Mann-Whitney test.
**p-value assessed with unpaired t-test.

their admission in the ICU (see Table 2). BC patients
with SAPs had 1.1 fewer ICU days compared to SO
(p ¼ 0.017), comprising 76% of the reduction in total
LOS, and $2147 lower ICU costs (p ¼ 0.002), which represented 31% of the decrease in all-cause costs compared
to SO. CV patients treated with SAPs had 0.6 fewer ICU
days (p ¼ 0.743) and $1776 lower costs (p50.001) compared to SO, which comprised 35% and 25%, respectively,
of the overall difference in LOS and all-cause costs. In
contrast to BC and CV patients, the utilization of SAPs
in CEA patients had negligible effect on days in the ICU,
with only 0.1 ICU day (p ¼ 0.666) and $147 (p ¼ 0.169)
ICU cost difference between the patients treated with
SAPs and SO.
Reduced hospital resource use with advanced hemostats Martyn et al.

5

Journal of Medical Economics

2015

Table 3. Transfusion units and costs for the Surgicel Original and Advanced cohorts with cardiovascular procedures.

n
Mean units of transfused blood per discharge*
Mean cost of transfused blood per discharge**

Original

Advanced products

% Difference (p-value)

111
5.15
$1102

176
3.95
$678

N/A
23% (0.639)
38% (0.029)

*p-value assessed with 2 test.
**p-value assessed with Wilcoxon-Mann-Whitney test.

There were only a total of 324 patients with transfusions
across all three procedures in our cohorts. The transfusion
analysis was restricted to CV patients, in which there were
287 discharges that included a transfusion with unit and
cost data for both hemostat types (see Table 3); this was
the only group with more than 30 discharges each for SAPs
and SO with unit and cost data. Mean transfused blood
product usage was 23% lower in the SAP group (3.95 units
per discharge) compared to the SO group (5.15 units per
discharge, p ¼ 0.639). While the difference in units was
not statistically significant, the difference in costs, $678
for SAPs and $1102 for SO, was statistically significant
(p ¼ 0.029). The mean transfused blood product cost per
discharge was 38% lower for the SAP group compared to
the SO group.

Mean Units of Surgicel Product
per Discharge

Transfusions

25%

2.00
1.60

2%

7%

1.20
1.76

0.80
1.24 1.22

1.32

1.19 1.10

0.40
0.00
Brain/cerebral** Cardiovascular*
CEA*
Surgicel Original
Surgicel Advanced

Figure 3. Mean units per discharge of Surgicel Original and Advanced use
by procedure type. *Differences statistically significant at the p50.001
level. **Not statistically different; p-values assessed with non-parametric
Wilcoxon signed rank sum test.

Mortality status
The proportion of discharges that ended in death was
not statistically significantly different between SAP and
SO patients for BC or CV. The proportion of BC
patients where SAP was used who died in the hospital
was 7.0% compared to 7.9% for SO patients (p ¼ 0.494).
The death rate was lower for CV procedures, 2.2% and
2.8% for SAP and SO patients, respectively (p ¼ 0.073).
CEA patients had the lowest death rate of the procedures evaluated, and the SAP patients had a significantly
lower mortality rate than SO patients (0.1% compared
to 0.7%, p ¼ 0.007).

Units of Surgicel product per discharge
The mean number of Surgicel units per discharge was
significantly lower for SAPs compared to SO for both
CV and CEA procedures. This difference was particularly pronounced in the CV procedure group, where
mean SAP and SO per discharge units were 1.32 and
1.76, respectively (p50.001, see Figure 3). The mean
difference between SAP and SO hemostats was much
smaller for CEA (mean SAP and SO units per discharge
of 1.10 and 1.19, respectively), although this difference
was still statistically significant (p50.001). In BC
6
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patients, mean units per discharge utilization of SAP
and SO products were similar (1.22 and 1.24, respectively, p ¼ 0.905).

Discussion
We compared patients treated with Surgicel Fibrillar and
Surgicel SNoW (SAPs) to Surgicel Original (SO) on costs
and resource utilization metrics such as LOS, ICU utilization, units of hemostat product, and transfusions using
observational discharge-level data from a hospital chargemaster dataset. After creating comparable SAP and SO
groups using propensity score matching, our study found
that patients with BC, CV, and CEA procedures treated
with SAPs had shorter LOS and lower associated costs
than patients treated with SO. BC was found to have statistically significant differences in ICU days and costs that
favored SAP-treated patients; CV also had lower ICU
costs for the SAP group compared to SOs, and both CV
and CEA had lower product utilization for SAPs compared
to the SO group as measured by units per discharge.
The analysis of blood transfusion units and costs was
impacted by only 3% of discharges having transfusions
with appropriate coding detail to evaluate transfusion
www.informahealthcare.com/jme ! 2015 Informa UK Ltd
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units and costs. Only CV had an adequate sample of discharges with blood transfusion units and cost data, and our
analysis found that the mean number of transfusion units
were not statistically significantly different. However, cost
of the blood products was significantly lower for the SAPtreated patients.
While the list price of SAPs is more on a per-unit basis
compared to SO ($74–$206 for SAPs vs $29–$96 for
SO)16, the associated reduction in resource utilization
resulted in net lower costs of $7000 for BC and CV procedures and $1300 for CEA. Costs are closely tied to LOS,
with patients who have higher LOS also having higher
costs. Much of the reduction in cost is due to the 14–
16% reduction in average LOS. On a per-day basis, the
use of SAPs was associated with cost reductions of over
$4000 for BC and CV, and approaching $3500 for CEA.
Because LOS and costs may be closely associated with
underlying characteristics of the hospitals, rather than
the hemostat used, we performed a post-hoc analysis on
the sample including only procedures performed in hospitals where both SO and SAPs were used. In that subgroup analysis, the results for ICU, LOS, and costs did not
change substantially, indicating that differences in hospital utilization of SAPs and SO were not driving results.
Overall, in our study population, the average LOS for
CV patients was 9.6 days; this is similar to the 8.7 days
that Stokes et al.1 found in a 2006–2007 study focused on
bleeding in cardiovascular patients. This study found that
bleeding complications during surgery were associated
with significantly increased cost and LOS. Stokes et al.1
also found that bleeds in cardiac and vascular surgeries
increased the length of stay for the procedure by 4.8 and
9.3 days, respectively, and increased total cost of the surgery by over $10,000 for cardiac and $17,000 for vascular
surgeries. More recently, Wright et al.5 found that the use
of hemostatic agents has increased rapidly between 2000–
2010 for major surgeries. While studies have been conducted on the reduction of bleeding due to hemostat use,
or bleeding’s impact on costs and resource utilization, there
have been a limited number of studies of the impact of
hemostats on both costs and outcomes. A meta-analysis
of studies focused on fibrin sealant use did not find a significant difference in the length of hospital stay compared
to no adjunctive hemostat use17. To our knowledge, our
present study is the first to evaluate the resource utilization
and overall costs associated with the use of oxidized regenerated cellulose adjunctive hemostats.
Given the concerns about healthcare costs and the
desire to treat patients in an evidence-based manner,
this study provides evidence to suggest that, in specified
patient populations, the use of SAPs rather than SO may
improve health outcomes and reduce costs. Within the
Premier database, there were 1516 BC, 6776 CV, and
4082 CEA patients who received a Surgicel adjunctive
hemostat with similar clinical profiles, i.e., the patients
! 2015 Informa UK Ltd www.informahealthcare.com/jme
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who were included in the PSMs. Utilization of the SAPs
was associated with over 1100 cumulative fewer days in
hospital for BC patients; in CV and CEA, the reduced
total LOS was greater than 5700 and 800 days, respectively. Aggregate cost reductions amounted to $5.2 million
for BC, $23.9 million for CV, and $2.7 million for CEA. If
all of the SO cohort was converted to SAPs, equivalent
cumulative cost and resource utilization reductions could
be expected to occur. It should be noted that this study
only evaluated Surgicel products, so it is unclear how SAPs
compare to other types of adjunctive hemostats. Future
research should explore the health outcomes, resource utilization, and cost differences for a variety of different
adjunctive hemostat types.

Limitations
All observational, retrospective studies of secondary data
have inherent limitations. Not all of the factors that influence a physician’s choice of products to treat specific
patients are available in the dataset. Additionally, because
the patients were not randomized, we cannot be certain
that there were no inherent differences between the
patients receiving SAPs and SO that influenced patient
outcomes. However, PSMs were used to create similar
groups for comparison. While PSMs cannot control for
unmeasured characteristics and, thus, is less powerful
than randomization, on the basis of observable characteristics, the patient populations were made comparable, as
measured by improvements in standardized differences for
all characteristics. There are also limitations to the chargemaster data within the Premier database. The data do not
capture hospital re-admissions to other facilities with different medical record systems, non-hospital-based office
visits, and also do not include all outpatient data for all
hospitals that submit inpatient data. However, these limitations are not relevant to the current study, since all outcomes measured occurred during the hospital stay and did
not include physician office visits. Additionally, it is
unclear whether treatment patterns and outcomes differ
between hospitals that are within or outside of the
Premier hospital database and whether these hospitals
are representative, although these results are most likely
generalizable to many patients across the US, as 25% of
all hospital discharges are from a hospital within the
Premier database. Finally, as with all claims and chargemaster data, coding errors or omitted procedure/product
codes could lead to misclassification of patients and potential bias in the results. However, since these data are used
for payment, there is a strong incentive for accuracy.
Finally, it is unclear whether the benefits found in using
SAPs in this study can be generalized across other procedures not evaluated in this study. Because the procedures
evaluated (BC, CV, and CEA) represent a broad range of
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different types of procedures, this study demonstrates that
SAP use is associated with beneficial outcomes under a
variety of circumstances. Additionally, these procedures
are the most common for Surgicel use, and thus are the
most relevant procedures to evaluate.

Conclusions
In conclusion, our study found that Surgicel advanced
products (SAPs) are associated with reduced patient
length of stay and all-cause costs compared to Surgicel
Original (SO) in three common procedure groupings.
The decreased all-cause costs, which were as high as
$7000 for brain/cerebral and cardiovascular surgeries,
more than offset the incremental increased cost associated
with the use of SAPs compared to SO ($50–$150 depending on hemostat unit size). This study indicates that SAPs
may have the potential improve patient outcomes while
reducing the economic burden to hospitals, representing
good economic value.
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Notice of Correction:
The version of this article published online ahead of print on 26 Mar 2015, contained an error on page 2. On avarage 70% of
surgeries include the use of hemostatic agent. The percentage ‘‘70%’’ should have read ‘‘30%’’. The error has been corrected for this
version.
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