
Hip arthroplasty is associated with significant
blood loss. It is important that surgical blood
loss is managed as effectively as possible, avoid-
ing the risks from the blood loss itself and also
from the infection and immunological risks of
allogenic blood transfusion. Interventions that
may be used to reduce blood loss include hy-
potensive anesthesia, autotransfusion, and phar-
macological interventions such as aprotonin,
aminocaproic acid, and synthetic vasopressin
(desmopressin) (1). Fibrin sealants are effective
hemostats and are used in many surgeries to re-
duce both intraoperative and postoperative

blood loss (2) and have the potential for reduc-
ing blood loss in patients who undergo hip
arthroplasty. Although clinical trials in patients
who undergo knee arthroplasty have demon-
strated the benefits of fibrin sealants (3,4), there
are no previous published studies on the effects
on the use of fibrin sealants in patients with hip
arthroplasty.

The Vivostat system (Vivolution, Denmark,
Birkeroed) is an automated medical device for
the preparation and application of patient-de-
rived fibrin sealants within 30 minutes from a
donation of 120 mL of blood (5). Vivostat-de-
rived sealant is delivered with a controllable,
low-pressure, nonblocking spray pen, allowing
precise application to bleeding sites (6). Vivostat
has been demonstrated to be an effective prima-
ry hemostat in a range of surgical procedures
(7–9); however, it has not previously been eval-
uated in patients with hip arthroplasty.
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ments (median, 270 mL of packed red blood cells) and hospitaliza-
tion times (both median 7 days) were the same for both groups. No
adverse events related to the use of Vivostat occurred. There were
indications of a possible reduction in the incidence of postoperative
wound oozing (15% vs 25%) and hematomas (6% vs 11%) with the
use of Vivostat compared with the control group, although differ-
ences were not statistically significant. In conclusion, in this pilot
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vestigate a possible benefit of Vivostat in reducing postoperative
wound complications. 
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This clinical pilot study evaluated the use of
Vivostat-derived sealant in reducing blood loss
and the need for transfusion in patients under-
going elective primary hip arthroplasty opera-
tions. The purpose was to gather information on
the effect of Vivostat on a range of quantifiable
performance parameters, so that endpoints and
sample numbers could be chosen for a subse-
quent, appropriately statistically powered study.

METHODS

Patients
The study was a prospective, randomized,

open-label study in patients (age 18 years) un-
dergoing elective primary hip arthroplasty
surgery in one Danish hospital. The study was
conducted within the current laws of Denmark. 

Eighty patients were recruited into the study.
All patients gave informed consent and the local
ethics committee approved the study. No patients
were excluded due hemophilia or because the
surgeon thought that a donation of 120 mL of
blood was inappropriate (for whatever reason).

Study Procedures
Patients were randomized to either the

Vivostat group or the control group (no topical
hemostatic treatment) when the patients arrived
in the operating suite and opened an envelope
containing details of the allocated treatment
group (a computer-generated random sequence
was used). 

Patients allocated to receive Vivostat had 120
mL of blood drawn just before surgery directly
into the preparation unit of the Vivostat system.
The Vivostat-derived fibrin sealant was then pre-
pared and applied in accordance with the manu-
facturer’s instructions for use. 

The surgeries in both groups were conducted
according to normal practices; however, al-
though electrocoagulation or mechanical means
could be used for hemostasis during the surgery,
topical hemostatic drugs or materials (except for
Vivostat) were not allowed. No other methods of
preventing blood loss (e.g., tranexamic acid,
aprotinin) were used in those patients allocated
to receive Vivostat. Vivostat-derived sealant was
applied to the bleeding surgical wound surfaces
after an appropriate attempt to dry the surface
before application of Vivostat before closure, in
an attempt to stop or prevent bleeding. The sur-
geons were asked to dry the surface to which the
Vivostat was to be sprayed as much as possible

before application. Placement of surgical drains
and postoperative care were performed accord-
ing to normal procedures. 

Assessments
Transfusion requirements (packed red blood

cells) during and after the operation were re-
corded. Intraoperative blood loss was monitored
by standard operative procedures. Drain volumes
were recorded for the first 2 days postoperative-
ly, after which time they were removed. Hemato-
crit and hemoglobin levels were determined from
blood samples taken daily. The surgical wound
was inspected daily during hospitalization and
follow-up. Adverse reactions were recorded dur-
ing or after surgery, and their possible associa-
tion with the use of the Vivostat system or the
derived sealant considered by the investigators. 

Statistical Analysis
Patients were excluded from the analysis if

they were allocated to the Vivostat group, but did
not have Vivostat applied (for whatever reason).
As we were unaware of any previous data on the
use of fibrin sealants in preventing blood loss in
patients with hip arthroplasty, no information
was available on which to base calculations for
predicting sample size. It was the intention to use
information gathered in the study to assess sam-
ple numbers for an appropriate statistically pow-
ered extended study. 

Descriptive statistics was used to summarize
the data. Continuous numerical data were com-
pared between groups by unpaired t tests if data
distributions did not differ significantly from a
normal distribution (before or after log transfor-
mation); otherwise the nonparametric unpaired
Mann-Whitney U test was used. Categorical data
were analyzed by using the Fisher’s exact test.
Adverse events and reasons for withdrawals were
tabulated. Analysis was performed by using SPSS
software version 12.0.1 (SPSS Inc., USA).

RESULTS

Eighty patients were recruited into the study.
Of these, 44 were randomized to the Vivostat
group and 36 to the control group. Eleven pa-
tients (all Vivostat group) were excluded from
the analysis as no Vivostat was applied during
the surgery as intended; reasons included ma-
chine malfunctions, operator errors, not produc-
ing the fibrin on time, and forgetting to apply the
sealant. Patients in each group were evenly



M. R. LASSEN ET AL354

matched with regard to demographics and oper-
ation types (Table 1).

Data on the measured variables (blood loss,
drain volume, transfusion requirements, hemat-
ocrit and hemoglobin, and hospitalization) and
details of statistical analyses are summarized in
Table 2 and Fig. 1. Changes in hemoglobin and
hematocrit over time are shown in Fig. 1.
Eighteen patients (55%) in the Vivostat group
and 22 patients (56%) in the control group re-
ceived autotransfusion; the average volumes of
blood saved by autotransfusion were similar and
not significantly different. 

The mean volume of fibrin produced from
each donation of blood was 5.0 ± 0.7 SD mL
(range, 3.4–6.1). No problems occurred during
application that were not rectified satisfactorily
and quickly by on-site personnel. Application of
the Vivostat sealant to the surgical wound was
without problems. The wound bleeding, catego-
rized before, immediately after, and a minute
after application of the Vivostat sealant are
shown in Fig. 2. There were no adverse events
associated with the use of Vivostat. 

There were no differences in hospitalization
times between groups; the median postoperative

hospital stay was 7 days in both groups.
Inspections of the wounds during hospitalization
identified several patients in whom wounds con-
tinued to ooze or hematomas developed. At the
time of discharge, hematomas and oozing oc-
curred at a lower frequency in the Vivostat group
compared with the control group; however, num-
bers were low in both groups and there were no
statistically significantly differences.

TABLE 1. Patient Characteristics

Vivostat Control

Number of patients
(male/female) 33 (12/21) 36 (15/21)

Mean age, years (SD) 67.1 (8.9) 63.1 (10.9)

Mean weight, kg (SD) 75.9 (13.3) 77.4 (13.8)

Mean height, m (SD) 1.70 (0.08) 1.70 (0.09)

Mean body mass index 26.3 (4.1) 26.6 (3.5)

Operation type, n (%)

Uncemented 24 28

Hybrid 8 8

Cemented 1 0

FIG. 1. Pre- and postoperative hematocrit and hemoglobin levels (mean ± 95% confidence intervals).
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DISCUSSION

This pilot study evaluated the feasibility of
using Vivostat patient-derived sealant to reduce
blood loss in patients who undergo hip arthro-
plasty. Results showed that application of
Vivostat was straightforward and was not causal-
ly associated with any adverse events. However,
compared with controls, the use of Vivostat did
not reduce blood loss by a significant amount, as
determined by drainage volumes, transfusion re-
quirements, or changes in hematocrit or hemo-
globin levels. The reduction of total blood loss
obtained with Vivostat (loss during surgery and
in drains) was of a similar magnitude to the vol-
ume donated by the patient for preparation of
the fibrin sealant. 

Vivostat has been shown previously to be an
effective hemostat in other surgeries and to re-
duce the time to hemostasis compared to oxi-
dized-cellulose (Surgicel, Johnson and Johnson,
New Brunswick, NJ) (7) in multiple surgical pro-
cedures, or in untreated controls in sternal mar-
row bleeding during coronary artery bypass graft

surgery (9); however, in these studies the size of
the wounds was generally smaller and the bleed-
ing was probably less profuse than in the present
study. In the present study, Vivostat was highly
effective in reducing the bleeding immediately
on application if the bleeding was categorized as
slight, but was less effective in more profuse
bleeding (Fig. 2). The effect on some of these
wounds appeared to be short-lived. Nevertheless,
Vivostat significantly increased the proportion of
wounds that were not bleeding, both immediate-
ly and 60 seconds after application, compared
with the proportion before application. It is pos-
sible that by modifying the mode of application,
to allow greater volumes of Vivostat to be ap-
plied more quickly, more effective hemostasis
could be achieved. The drawback of this, howev-
er, is that the area of coverage would be reduced.

Reduction of hospitalization time is an impor-
tant aim of any new treatment, especially when
justifying the use of expensive treatments such
as fibrin sealants. The present study found no
significant benefit of Vivostat over control in this
regard, although there was an indication of a

FIG. 2. The effect of Vivostat application on wound bleeding.
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possible benefit of Vivostat in reducing wound
complications. Patients treated with Vivostat had
a lower incidence of wound hematomas or ooz-
ing on examination than controls, which was still
present at the time of discharge. Although the
long-term effects of this were not evaluated in
this study, oozing and hematoma formation may
be the source of retrograde infection of the sur-
gical site, leading to increasing morbidity of the
patients. Hematoma has been shown to be a sig-
nificant predictor of superficial surgical site in-
fection (odds ratio 11.8), and by implication an
increased risk of deep wound infection, in pa-
tients after total hip and knee arthroplasty (10).
Further trials of Vivostat may be warranted, with
larger number of patients, for evaluating its in-
fluence on postoperative wound complications
such as oozing and hematoma formation. 

In summary, this pilot study in patients who
undergo hip arthroplasty was unable to demon-
strate clinical benefit for Vivostat with regard to
blood loss or the need for transfusion compared
with patients who did not receive Vivostat.
Nevertheless, there were indications of a possi-
ble effect in reducing the incidence of wound
oozing and hematomas. The results of this study

will assist in the design of larger and appropri-
ately statistically powered clinical studies to eval-
uate the performance of Vivostat in patients with
hip arthroplasty.
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