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Abstract

Shoulder arthroplasty is associated with significant blood
loss, often requiring blood transfusion. Hemostatic agents
are used in various surgical specialties to minimize blood
loss, but to date few studies have examined their efficacy
in shoulder arthroplasty.

We retrospectively reviewed 211 consecutive shoulder
arthroplasty cases performed by a single surgeon. Our
hypothesis was that patients treated with a topical throm-
bin prepared with a hemostatic matrix (Surgiflo) would
have decreased perioperative blood loss. Patients with
humeral fractures or preexisting blood disease 'were ex-
cluded. Control patients were managed December 2012
through April 2013. Study patients were managed May
2013 through August 2013 using the same surgical tech-

houlder arthroplasty can be associated with significant

perioperative blood loss, with the overall rate of post-

operative allogeneic blood transfusion ranging/from
7.4% to 43%."*Blood transfusions are associated with a range
of health risks.” Soft-tissue dissection and cutting and ream-
ing of bone surfaces can be sources of significant blood loss.
Directly visualized sources of bleeding can be addressed using
standard surgical hemostasis, including electrocautery, suture
ligation, compression, and careful avoidance of vascular struc-
tures. However, difficult-to-visualize areas and bony sources
of bleeding are more difficult to manage.

Numerous products for mitigating perioperative blood loss
are commercially available. Topical hemostatic agents have
been used in many surgical specialties, including orthope-
dic surgery, cardiothoracic surgery, neurosurgery, vascular
surgery, and general surgery.*'’In orthopedic surgery, use
of topical thrombin- and fibrin-based products as hemostatic
agents has been studied in knee and hip arthroplasty, with
varying results.""*Early studies have shown reduced blood loss
and postoperative transfusion rates with use of a fibrin sealant

nique with the additional application of the hemostatic
agent before closure. Charts were reviewed for demo-
graphics, estimated blood loss, drain output, transfusion
rates, and complications. Hidden blood loss was calcu-
lated using a validated method.

There were no differences in estimated blood loss
(P = .301), drain output (P = .906), or hidden blood loss
(P = .601) between groups. There was no increased
incidence of transfusion between study (25%) and control
(20%).groups (P = .407). No increased complications
resulted from use of the hemostatic agent (P = .764).

On the basis of these results, we cannot conclude that
this topical hemostatic agent is effective as a blood loss
management tool in shoulder arthroplasty.

or fibrin tissue adhesive!*'?!* whereas others have shown no

significant benefit of using these hemostaticagents. Massin and
colleagues' found no difference in blood loss in the setting of
total knee arthroplasty (TKA) with use of a fibrin sealant. In a
2012 prospective study, Kim and colleagues' also showed no
significant reduction in blood loss in patients treated with a
topical thrombin-based hemostatic agent in TKA.

Surgiflo (Ethicon) is a hemostatic matrix that is combined
with a topical human thrombin solution before sterile appli-
cation. The matrix consists of an absorbable porcine gelatin
powder that provides a structure for platelet adhesion and
aggregation.'® When used in combination with thrombin, it
aids in fibrin clot formation, leading to hemostasis of oozing
blood and minor bleeding from small capillaries and venules.
According to the manufacturer’s data, it can halt bleeding in
less than 2 minutes and retains its efficacy for up to 8 hours.

To our knowledge, there are no reports of studies on use
of topical fibrin- or thrombin-based hemostatic agents in
shoulder arthroplasty. We conducted a study to investigate
perioperative blood loss, transfusion rates, and complications
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during the hospital stays of patients who underwent shoulder
arthroplasty and were treated with or without the Surgiflo
topical hemostatic agent. Our hypothesis was that patients
intraoperatively treated with this agent would have signifi-
cantly less perioperative blood loss and lower transfusion rates
without increased rates of in-hospital complications.

Patients and Methods

We retrospectively reviewed data from 211 consecutive shoul-
der arthroplasties performed by Dr. J. Michael Wiater between
December 2012 and August 2013. All primary and revision
anatomical and reverse total shoulder arthroplasty (TSA) pro-
cedures were included. Patients with a preoperative diagnosis
of acute fracture, and patients with a diagnosis of any type of
blood diathesis, including anemia and platelet disorders that
lead to excessive clotting or bleeding, were excluded. Patients
treated between May 2013 and August 2013 had the hemostatic
matrix applied to the soft tissues before final wound closure.
Chart review for any exclusion criteria left 102 patients in the
experimental (hemostatic agent) group and 98 patients in the
control group.

For all patients, any anticoagulation or anti-inflammato-
ry medication was discontinued 1 week before the elective
arthroplasty. An interscalene regional block combined with
general anesthesia was used in all cases. All procedures were
performed through a standard anterior deltopectoral approagh.
Patients in the experimental group had 10 mL of the hemo-
static agent topically applied to the soft tissues of the wound
before closure. Half the mixture (5 mL) was applied to the deep
tissuesrof the axillaryrrecess, subacromialjrand jointispaces;
and the other half was applied superficially after closure of the
deltopectoral interval. A medium Hemovac (Zimmer) drain
was used.in all cases, with 1 tubing placed in the deepispace

Table 1. Patient Demographics

Group
Control (n = 98) Surgiflo (n=102) P

Demographic

Age, y 67.28 + 8.84 67.97 + 10.48 .506
Sex, n (%) >.99
Male 43 (43.9%) 44 (43.1%)
Female 55 (66.1%) 58 (56.9%)
BMI 30.84 £ 6.75 20.84 + 6.37 445
ASA status 247 +0.52 249 + 0.54 832
Home anticoagulation 745
None 47 (48.0%) 56 (54.9%)
Aspirin 39 (39.8%) 35 (34.3%)
Other 12 (12.2%) 11 (10.8%)
Procedure .256
TSA 24 (24.5%) 17 (16.7%)
Reverse TSA 61 (62.2%) 65 (63.7%)
Revision 13 (13.3%) 20 (19.6%)

Operative time, min 118.22 + 25.87  111.81 £ 30.50 518

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index, TSA,
total shoulder arthroplasty.
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and another between the deltoid and the skin, both draining
to a single drain evacuator.

After surgery, all patients received deep venous thrombosis
(DVT) prophylaxis consisting of 5000 units of subcutaneous
unfractionated heparin every 8 hours until discharge, and then
aspirin 325 mg twice daily for 2 weeks after discharge unless
contraindicated. Any long-term anticoagulation therapy dis-
continued before surgery was resumed on postoperative day 2
(POD 2). All drains were removed on POD 2 unless they had
more than 50 mL of output over an 8-hour period. Complete
blood cell counts were collected for all patients before surgery
and on PODs 1 and 2. Whether to transfuse blood was based on
clinical judgment of severe or symptomatic acute blood loss ane-
mia; however, no strict predetermined criteria were followed.

Patient electronic medical records were reviewed for de-
mographic information, including age, sex, height, weight,
comorbidities, American Society of Anesthesiologists (ASA)
physical status, and preoperative anticoagulation use. Anesthe-
sia records were reviewed for intraoperative estimated blood
loss (EBL) and intraoperative autologous blood return (Cell
Saver, Haemonetics). Patient laboratory results were reviewed
for preoperative and postoperative hemoglobin (Hb) and he-
matocritlevels. Electronic medical records were also reviewed
for incidence of transfusion and any major or minor compli-
cations occurring within 90 days of the procedure. All data
were collected and reviewed under the approval of the human
investigations committee at our institution.

Hemoglobin loss and hidden blood loss (HBL) were calcu-
lated as described by Good and colleagues."” Total Hb loss was
estimated usingstheytotal bloodwolumeformula describedsby
Nadler and colleagues.' Difference between preoperative Hb
level and final Hb level recorded during hespital stay was cor-
rected for units of blood transfused (estimate, 52 g of Hb per
unit). Hemoglobin loss was then used to calculate total blood
loss, and total drain output was added to total blood loss to
determine HBL. These formulas were used:

Hb,__ = Blood Volume (L) x [Hb . (g/L) —Hb,

Total Blood Loss (mL) = 1000 x Hb,_/Hb,

initial

(g/L)] + Hb,

initia final transfused

HBL (mL) = Total Blood Loss (mL) + Total Drain Output (mL)

All statistical analyses were performed using SPSS Statistics
Version 20 (IBM). A Shapiro-Wilk test was used to test for
normality. All variables collected were compared between the
experimental and control cohorts. For continuous variables,
independent t test was used to compare normal data, and the
Mann-Whitney rank sum test was used for non-normal data.
Categorical variables were compared with the Fisher exact test
for 2x2 tables and with the ¥ test for larger tables. In all tests,
P < .05 was considered statistically significant.

Results

The experimental and control cohorts were demographical-
ly similar with respect to age, sex, body mass index (BMI),
ASA status, and home anticoagulation treatment (Table 1).
Patients who received preoperative anticoagulation thera-
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py were evenly distributed between the 2 patient groups
(P = .745). Thirty-five patients in the experimental group and
39 in the control group were taking aspirin. In addition, in the
experimental group, 5 patients were taking warfarin, 4 clopi-
dogrel, 1 dabigatran, and 1 prasugrel. In the control group,
6 patients were taking warfarin, 3 clopidogrel, 2 dabigatran,
and 1 rivaroxaban. Type of arthroplasty (primary anatomi-
cal, primary reverse, revision shoulder arthroplasty) was also
evenly distributed (P =.256), and operative time did not vary
significantly between cohorts (P = .518).

Markers of operative blood loss were also compared be-
tween patient groups (Table 2). There was no significant dif-
ference in intraoperative EBL or cell saver volume between
cohorts (Ps = .301 and .800). Drain output on PODs 1 and 2
did not differ between cohorts (Ps = .789 and .777); the same
was true for total postoperative drain output (P = .906). He-
moglobin levels did vary significantly between groups before
surgery (P =.002) and on PODs 1 and 2 (Ps =.027 and .005),
with the experimental group having a lower mean Hb level at
each time point. Mean Hb loss, however, did not vary signifi-
cantly (P =.253). There was also no difference in HBL between
cohorts (P =.601), the calculation of which accounts for patient
height and weight, Hb loss, and transfusions. The incidence
of transfusion was 25% in the experimental group'and 20%
in the control group—mnot a statistically significant difference
(P = .407). Mean (SD) number of transfused units of packed
red blood cells was 0.54 (1.05) in the experimental group
and 0.40 (0.91) in the control group—again, not a statistically
significant difference (P = .377).

Preoperative Hbidevel.under 13 g/dL hasjbeen reported asa
riskfactor for transfusion after surgery.” To account for the sig-
nificantly lower Hb level in the experimental group, we exam-
ined the in¢idence of transfusion in patients with preoperative
Hb levels above and below this cutoff. Among patients with
preoperative Hb levels under 13 g/dL, transfusion incidence
was 45.8% (experimental group) and 42.9% (control group)
(P> .99); among those with preopera-
tive Hb levels above 13 g/dL, transfu-
sion incidence was 7.7% (experimen-

mental and control groups were compared within primary and
revision subsets. Among primary cases, transfusion rates were
23% (experimental) and 21.2% (control) (P = .853); among re-
vision cases, rates were 35% (experimental) and 15% (control)
(P = .263). Revisions showed a significant (P = .043) difference
in HBL between the experimental and control groups, with
more blood loss in the experimental group. EBL and autologous
blood return were equivocal. Hb levels and drain outputs were
statistically different only for POD 2, but there was no difference
between overall Hb loss or total drain outputs. Among primary
cases, no parameters of blood loss were statistically significantly
different. The significantly lower preoperative and postoperative
Hb levels were again seen in the experimental group.

The groups’ complication rates were comparable, and there
was no significant risk associated with use of the hemostatic
agent (P =.764). In each group, there were no complications
that would be of particular concern with use of this agent.
These complications included wound complications, deep
prosthesis infection, and systemic thromboembolic disease
(eg, myocardial infarction, stroke, DVT, pulmonary embolus).
Nine patients (5 control, 4 experimental) had minor medical
complications, and 2 (1 control, 1 experimental) had major
medical complications. The control group’s 5 minor medi-
cal complications were acute kidney infection treated with
antibiotics (1] patient), persistent urinary retention requiring
Foley catheter for short period after discharge (1), minor up-
per gastrointestinal bleed treated medically (1), recalcitrant
tachycardia in setting of chronic atrial fibrillation (1), and
vasovagal syncope with no identified cardiovascular cause or
periprosthetic.complications(1);the controlypatient withsthe
major medical complication died 2 weeks after surgery, after
discharge to the inpatient rehabilitation"umit. This death was
secondary to pneumonia,sepsis; and eventual multisystem
organ failure. The experimental group’s 4 minor medical com-
plications were urinary retention requiring catheterization for
short period (1 patient), urinary tract infections diagnosed

Table 2. Perioperative Blood Loss in Control and Experimental Groups

tal) and 11.1% (control) (P = .760). Control Surgiflo
To account for reportedly higher Mean sD Mean SD p

blood loss and transfusion rates in

revision cases.’220 we stratified our Intraoperative EBL, mL 301.73 238.46 317.4 208.54 .301

data by primary and revision cases,  Autologous blood return, mL 110.10 140.06 112.94 129.20 800

comparing them within the entire  y44en biood loss, mL 1089.84 55381 1188.31 94.47 601

patient cohort and comparing the ex-  crrrrreeeees R REERS

perimental and control groups within Hemoglobin, g/dL

h b Tables 3 and 4 list th Preoperative 13.80 1.50 13.13 1.60 002

these subsets. 1ables 5 and & list the 5oy 4 10.41 1.34 9.95 146 027

results. Revision cases had more EBL POD 2 1012 105 9.46 148 005

(P < 001)) autOlOgOuS blOOd TEUEULTTL v v v v eeeeeemnnneeennuneeenunneeeaneeeeuuueeeenaumeeunseteenuneetteenuseeetuuseiestauseeetunsiueisssses

(P < .001), drain output on POD 1 Hemoglobin loss, g 201.02 75.27 198.40 106.23 253

(P = .025), and total drain output  Drain output, mL

(P = 002) There was no signjﬁcant POD 1 311.43 168.24 328.53 215.34 789

difference in transfusion rate between POD 2 90.77 90.00 75.05 56.49 7
Total 402.19 210.36 403.58 224.95 906

primary (22.2%) and revision (27.3%)

cases (P = .505) or when the experi-
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2 weeks after surgery and treated with antibiotics (2), and new-
onset atrial fibrillation treated medically (1); the experimental
patient with the major medical complication developed Takot-
subo cardiomyopathy, a nonischemic stress-induced weaken-
ing of the myocardium requiring medical management. An
experimental patient also had reverse TSA shoulder dislocation
12 days after surgery—thought to be caused by inadequate
soft-tissue tension and unrelated to hemostatic agent use. The
patient was returned to the operating room for polyethylene
liner exchange and metallic spacer implantation.

Discussion

Reported rates of transfusion after shoulder arthroplasty have
ranged from 7.4% to 43%, when including revision and reverse
TSAs.”? In the present study, the overall transfusion rate was

Table 3. Perioperative Blood Loss in Primary and Revision Groups

H. Dhanota et al

23% (includes patients who underwent primary or revision
shoulder arthroplasties with anatomical or reverse prostheses).
Although the risk for complications is low, serious issues may
arise with blood transfusions. Allogeneic blood transfusions
can cause fluid overload, allergic reactions, fever, acute im-
mune hemolytic reaction, transfusion-related acute lung injury
(TRALI), bloodborne infections, and formation of antibodies
complicating any future need for transfusions.” According to
the National Heart, Lung, and Blood Institute, the chances of
becoming infected from transfusion are 1 in 2 million for
the hepatitis C and human immunodeficiency viruses and
1 in 205,000 for the hepatitis B virus.” Some studies have also
found higher rates of infection after hip or knee arthroplasty
in patients who received allogeneic blood transfusions.?"*
In addition, for hospitals, transfusion costs are significant.
One study showed that direct and indirect
overhead costs amounted to $522 to $1183
per red blood cell unit.” Given the risks and

Primary (n = 167) Revision (n = 33) P costs associated with blood transfusions,
Mean SD Mean SD use of an effective intraoperative blood loss
: management agent could be beneficial in
ntraoperative EBL, ML eraer 0o aerie 84988 <001 " the setting of shoulder arthroplasty.
Autologous blood return, mL 91.50 113.34 213.03 181125 _<.001 The use and efficacy of intraoperative
Hidden blood loss, mL 113534 70736 / 16393 10705 3e9\) DPlood management agents remain con-
......................................................................................................... troversial. Numerous agents fOI' managing
Hemoglobin, g/dL . . .

. perioperative blood loss are commercially
Preoperative 13.49 1.55 13.28 179 .586 ilable. Previ linical studies h
POD 1 1015 142 10.31 139 0 available. Previous clinical studies have
POD 2 978 141 975 145 785 shown variable results with use of topical

SRR L L L CRRRREELEERRERS hemostatic agents, but not in the Setting Of

HemogIobin 1088, 9 _ e .. 20565 . 108%2 o e 897 _sshoulder arthroplasty:*%In, 1999, Levyand

Drain output, mL colleagues' showed that use of fibrin/issue
POD 1 308.35 190.03 379.84 20220 026 adhesive reduced bloodless and postopera-
POD 2 7740 70,66 109.85 9049 .053 tive transfusion rates in patients who under-
Total 385.75 213.82 489.70 217.68 .002

went TKA. In 2001, Wang and colleagues"

Abbreviations: EBL, estimated blood loss; POD, postoperative day.

showed that using a fibrin sealant in TKA

Table 4. Blood Loss Stratified by Primary and Revision Cases Only

Primary Cases

Revision Cases

Control (n = 85)

Surgiflo (n = 82)

Control (n = 13) Surgiflo (n = 20)

Mean SD Mean SD P Mean SD Mean SD P

Intraoperative EBL, mL 275.24 189.48 274.09 150.64 751 475.00 413.32 495.00 30518 .598
Autologous blood return, mL ~ 94.82 12110 88.05 105.34 773 210.00 208.49 215.00 166.70 .785
Hidden blood loss, mL 1146.70 532.02 1123.56 855.36 41 718.05 570.30 1453.76 1224.90 .043
Hemoglobin, g/dL

Preoperative 13.83 1.53 13.14 1.50 .002 13.59 1.37 13.09 2.03 442

POD 1 10.37 1.39 9.93 1.42 .047 10.64 0.95 10.10 1.61 434

POD 2 10.04 1.29 9.51 1.48 .045 10.45 1.07 9.27 1.50 .021
Hemoglobin loss, g 211.16 87.43 199.90 118.19 .041 171.74 98.26 247.62 17418 169
Drain output, mL

POD 1 297.29 161.89 319.82 215.80 735 403.85 186.24 364.25 21518 .708

POD 2 79.47 83.23 75.24 5513 474 164.62 100.67 74.25 63.27 .01

Total 376.76 199.88 395.06 228.24 .626 568.46 208.62 438.50 212.88 110

Abbreviations: EBL, estimated blood loss; POD, postoperative day.
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reduced bloody drainage and maintained higher Hb levels. In
2003, the same group showed that use of fibrin sealant also
reduced perioperative blood loss in total hip arthroplasty.”
More recent studies have had contradicting results,"*'*similar
to ours. A 2012 prospective study failed to show any significant
difference in blood loss after TKA in patients treated with a
topical thrombin-based hemostatic agent.”® The authors did
find significantly higher Hb values in the treated group on
PODs 1 and 2, though the drain outputs and transfusion rates
did not differ.

To our knowledge, the present study is the first to evaluate
use of a topical hemostatic agent during shoulder arthroplasty.
We did not find a significant difference in perioperative blood
loss with application of Surgiflo, a topical thrombin-based
hemostatic agent. Interestingly, we found that Hb levels both
before surgery and on PODs 1 and 2 were significantly lower
in the experimental group. However, the difference was about
0.7 g/dL, which would not be clinically significant. The lower
Hb levels on PODs 1 and 2 likely resulted from lower preop-
erative levels.

Other studies have found higher transfusion rates for revi-
sion versus primary shoulder arthroplasty.">*° In our series,
EBL, autologous blood return, and drain output were higher
overall for revision versus primary cases. When we stratified
by primary and revision cases, we could not detecta difference
in transfusion rates between the experimental and control
groups. The lack of significant difference in thé revision group
could be caused by low statistical power, as the control group
had only 13 revision cases. Having more patients in the study
may have,revealedsarlarger difference in blood lesswith use
of the hemostatic agent in revision cases.

We also found no significant increase in adverse events
related touse of'the hemostatic agent. Complications of par-
ticular concern would include wound complications, deep
prosthesis infection, and systemic thromboembolic disease
(eg, myocardial infarction, stroke, DVT, pulmonary embolus).
There were no statistical differences in major and minor com-
plications between the groups and no identifiable complica-
tions related to the hemostatic agent used.

Our results should be viewed in light of study limita-
tions. First, with this retrospective study, we relied heavily
on the accuracy of computer-based patient documentation.
In addition, blood loss estimates are imperfect regardless of
measurement technique. Intraoperative EBL is often deter-
mined by the surgeon and is highly variable, and autologous
blood collection does not account for blood lost in operative
sponges, instruments, and irrigation. To minimize this issue,
we tried to assess perioperative blood loss through multiple
data points, including intraoperative EBL, autologous blood
returned during surgery, drain output, transfusion rates, and
HBL calculations. Also, blood transfusion criteria depend on
the physician’s clinical assessment and decision making, as
well as patient condition, which could certainly add variability
to the transfusion rate between groups. Another limitation is
that the procedures studied were not homogeneous, and in-
cluding primary and revision anatomical and reverse shoulder
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arthroplasties may have added variability to the results. In this
single-surgeon study, however, we were able to ensure that the
same standard techniques and hemostasis were applied in all
procedures. Last, given the relatively small sample used, more
patients may be needed to reveal a significant and clinically
relevant difference in blood loss.

Conclusion

Perioperative blood loss poses serious risks to patient health.
In light of the varying findings in the literature and the cost of
transfusions and blood loss management products, use of these
hemostatic agents remains controversial. In the present study,
we found no significant difference in perioperative blood loss
or transfusion rates with use of a hemostatic agent during
shoulder arthroplasty. Therefore, we cannot conclude that
this agent is effective for blood loss management in shoulder
arthroplasty. Highly powered prospective studies are needed
to confirm our findings.
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