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Abstract

Purpose Patient blood management has been recently emphasized to avoid perioperative blood transfusion in AIS surgery. 
Hydroxyapatite charged collagen sponge (HCS) is a bone substitute material made of collagen and ceramized hydroxyapatite, 
with associated haemostatic properties. The goal of this study was to assess the impact of HCS in the perioperative blood 
loss in AIS surgery.
Methods After IRB approval, all AIS patients undergoing primary correction were prospectively included over a 15-month 
period. Patients receiving HCS at the end of the procedure were compared to a control group (matched for age, gender, and 
fusion levels) without any haemostatic agent or bone substitute. The same perioperative blood saving strategies were used 
in both groups. Two subfascial drains were used for 48 h in all patients. Perioperative blood loss and transfusion rates were 
analysed.
Results A total of 34 patients were included in each group. No difference in drainage volume was observed at day 1, but the 
reduction was statistically different at day 3 (1135 mL [800–1640] versus 930 [480–1510], p = 0.028, 0.63 ml/Kg/h [0.4–0.92] 
versus 0.46 [0.29–0.7], p = 0.042). Multivariate analysis found that the use of HCS was associated with a decrease in the 
postoperative blood loss (OR = 1.17 [1.10–1.25]). The transfusion rate was lower in the HCS group [0 (0% vs. 3(8.8%), 
p = 0.076)]. No infection occurred, and no complication was reported.
Conclusion With 27% reduction in drain volume, hydroxyapatite charged collagen sponge can be considered as a blood 
salving strategy in AIS surgery. The role of the biomaterial in fusion rate still needs to be further assessed.
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Introduction

Patient blood management techniques have been recently 
developed to decrease the risk of blood transfusion in long 
and complex surgeries [2, 6]. Indeed, blood heterologous 
transfusion has been proved to be positively correlated with 

increased postoperative morbidity, such as early surgical site 
infections, and with immune and viral complications [4].
Thus, in major orthopaedic adult or paediatric procedures, 
such as multi-level spine surgery, salve saving strategies are 
commonly used, associating preoperative, perioperative and 
postoperative measures to reduce blood loss [7, 21]. Adoles-
cent idiopathic scoliosis (AIS) correction remains one of the 
most haemorrhagic procedures, for which blood saving strat-
egy improvement is still ongoing [9]. Optimizing the haemo-
globin rate (iron, erythropoietin) is key preoperatively, while 
reducing blood loss (installation, blood pressure, tranexamic 
acid and cell salvage) remains the main goal during surgery. 
These measures have helped reduce transfusion rates in AIS 
from 25 to 2%, but the goal should be to make allotransfu-
sion a non-existing event in such young patients [18]. Recent 
studies have reported that 50% of the perioperative bleed-
ing during AIS posterior fusion occurred at the end of the 
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procedure, when the surgeon performed decortication and 
postoperatively with the use of close suction drainage. In 
fact, the blood volume obtained in the drains has also shown 
positive correlation with transfusion rate to be in AIS [17]. 
At the end of surgery, bone graft is added after correction 
to obtain solid fusion [5]. Iliac crest bone harvesting has 
been considered the gold standard for years, but it has been 
associated with increased operative time, postoperative pain 
and more importantly increased blood loss [16]. Local auto-
graft is now the most commonly used, but the adjunction of 
allograft or bone substitutes has recently gained popularity 
[11, 25]. However, the advantage in terms of fusion rates and 
cost/benefit of the various products available remains debat-
able, since pseudarthrosis is only reported in less than 5% in 
AIS treated with modern instrumentation [23]. Hydroxyapa-
tite charged collagen sponge (HCS) is an interesting mate-
rial, presented as a sponge made of bovine collagen and cer-
amized hydroxyapatite, that combines both osteoconductive 
and haemostatic properties [15]. Hence, despite a theoretical 
risk for prion infection, this product could be considered to 
reduce postoperative blood loss. Encouraging preliminary 
clinical experience has already been reported in orthopae-
dic (foot, cervical spine, hip and knee) and maxillo-facial 
surgery, but no clinical series has been published to date. 
The aim of this study was therefore to evaluate the efficacy 
of HCS adjunction in the reduction of perioperative blood 
loss in AIS surgery.

Materials and methods

Patients and study design

After IRB approval, all consecutive patients under 18 years 
old operated for AIS posterior fusion between Septem-
ber 2020 and December 2021 were included. A minimum 
4-month follow-up was required to look for early complica-
tions. Exclusion criteria were revision surgery, prior ante-
rior release, associated thoracoplasty and fixation below 
L4. All patients with associated bleeding disorder were also 
excluded. Data were collected prospectively and retrospec-
tively analysed.

Operative procedure

All patients underwent posterior spinal fusion using hybrid 
constructs, combining bilateral pedicle screws (below the 
inflection point, from T11 to L4) [Solera (Medtronic, Minne-
apolis, USA)], concave thoracic sublaminar bands (above the 
inflection point, from T5 to T11) [Jazz systems (Implanet, 
Bordeaux, France), convex thoracic uniplanar pedicle screws 
and proximal supralaminar angled hooks on the upper instru-
mented vertebra (UIV) with 5.5-mm CoCr diameter rods. 

All the surgeries in both groups were performed by the same 
surgeon. No selective thoracic fusion was performed, and 
no patient underwent 3-column osteotomy. Bone scalpel 
(Misonix, Farmingdale, NY, USA) was used in all cases to 
perform facetectomies and periapical (3–4 levels) posterior 
column osteotomies. Posteromedial translation was the main 
technique used for thoracic correction, combined with seg-
mental derotation and in situ bending. Local autograft from 
the spinous processes and lamina decortication was used in 
all cases. No bone substitute was used in group 1 (control), 
while in group 2 (HCS) group] 2 sponges of 7 × 11 cm per 
patient were cut (1–1.5 cm large pieces) and placed in pos-
terolateral position (lateral to the rods) as well as medially 
between the rods, above the autograft (Fig. 1). Closed suc-
tion drainage (2 subfascial 8 mm drains, opened 6 h after 
closure) was used for 48 h in all patients.

Perioperative anaesthesia

Perioperative protocols were similar in both groups dur-
ing the study period. Anaesthesia was performed with 
intravenous agents (with concentration objective) using 
propofol and remifentanil and a muscle relaxant (atracu-
rium 0.5 mg  kg−1). Dexamethasone was administered at 
the beginning of surgery (0.15 mg  kg−1 after induction), 
and intrathecal morphine (5 µg  kg−1) was performed by 
the surgeon at the end of the surgical approach. Body 

Fig. 1  Intraoperative view after instrumented correction and bone 
graft application
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temperature was controlled during the whole procedure 
and maintained between 36.5° and 37 °C. Muscle relax-
ant was infused continuously during surgery and reversed 
at the end of the procedure. All patients were monitored 
using the bispectral index and an oesophageal Doppler. 
After obtaining the best Doppler signal, indexed stroke 
volume (iSV) was optimized and maximized (boluses of 
10 ml  kg−1 of normal saline).

The “patient blood management” strategy was standard-
ized in both groups. Preoperatively, iron and vitamin B9 
implementation started 6 weeks prior to surgery. Erythro-
poietin injections (600UI/Kg/week, maximum 4 injections) 
were also performed on a weekly basis, until the haemo-
globin rate reached 15 g  dL−1. During surgery, tranexamic 
acid was used, with a loading dose of 10 mg  kg−1followed 
by a continuous infusion (5 mg Kg  h−1) until the end of 
the procedure. Cell salvage was used systematically and 
blood reinfused if the quantity was above 3 mL/kg. Postop-
erative multimodal analgesia included morphine (patient 
controlled analgesia, PCA), paracetamol, NSAIDs, gabap-
entin and nefopam. All patients benefited from enhanced 
recovery after surgery (ERAS) protocols, as previously 
described [13]. Red cell transfusion indications during the 
perioperative period were an haemoglobin rate under 7 g/
dL or under 10 g/dL in case of cardiac comorbidity.

Data

Demographic data (age, weight), ASA grade, haemoglobin 
levels (preoperative on the day of surgery and at postopera-
tive days 1 and 3), duration of surgery, duration of anaes-
thesia, fusion levels, intraoperative and perioperative blood 
transfusions, volume collected in the closed suction drains 
(until day 2) and length of hospital stays were collected. 
Using the weight-related total blood volume formula previ-
ously published to estimate the bleeding, the red cell deficit 
was estimated, including autologous or heterologous blood 
transfusion when required during the perioperative period 
[19]. Thus, the intraoperative blood loss was calculated by 
red cell deficit (Table 2) and the perioperative operative 
bleeding was estimated at day 1 and day 3.

Statistical analysis

Power calculation was based on a previously published 
study exploring the use of a procedure to decrease the 
bleeding of 25%. Based on this estimated rate, the neces-
sary sample size in each group was set to be 32 patients, 
with an alpha value of 0.05 and a power analysis of 90%. 
For that reason, 34 consecutive patients were included 

Table 1  Demographic data, 
median [min–max], N(%)

HCS Hydroxyapatite charged collagen

Control group (n = 34) HCS group (n = 34) p

Age (years) 16 [13–17] 16 [12–18] 0.06

Weight (kg) 51.5 [31–78] 56 [36–90] 0.776

Sex (male) 6 (17.6) 7 (20.5) 0.632

Fusion levels 14 [7–16] 15 [7–16] 0.17

Anaesthesia time (mins) 294 [224–508] 302 [185–458] 0.624

Operative time (mins) 260 [180–460] 250 [140–400] 0.981

Preoperative cobb 57 [48–67] 58 [45–72] 0.865

Table 2  Univariate analysis, 
N(%) or median [min–max]

Bold values indicate p < 0.05

HCS Hydroxyapatite charged collagen, ERCD Estimated red cell deficit

Control group (n = 34) HCS group (n = 34) p

Volume in drains at day 1 (mL) 695 [190–960] 460 [195–990] 0.79

Volume in drains at day 2 (mL) 1135 [800–1640] 930 [480–1510] 0.028

Preoperative haematocrit 45.6 [39.1–53.7] 43.6 [36.8–51.3] 0.983

Haematocrit at day 1 35.7 [29.1–45.6] 35.6 [29.1–46.2] 0.783

Haematocrit at day 3 32.1 [24.6–41] 35.1 [27.4–42.6] 0.782

ERCD at day 1 (mL/Kg) 446 [88–839) 369 [37–773] 0.306

ERCD at day 3 (mL/Kg) 543.6 [88.1–1002.4] 382 [184–897.5] 0.912

Adjusted drain volume (mL/Kg/h) 0.63 [0.4–0.92] 0.46 [0.29–0.7] 0.042

Heterologous transfusion 3 (8.8%) 0 (0%) 0.076

Autologous transfusion 11 (32.35) 13 (38.2) 0.112
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in each group. Descriptive statistics were reported using 
median and range for continuous variables and percentages 
(%) for discrete ones. Statistical comparisons between the 
two cohorts used the Mann–Whitney nonparametric tests 
for continuous variables and the  Chi2 (or Fisher’s exact 
test) for discrete variables. Nonparametric tests were per-
formed instead of parametric ones because of their abil-
ity to detect strongly significant differences. In order to 
determine factors associated with HCS-related decrease 
in blood transfusion, a univariate analysis was performed 
for factors that might impact perioperative transfusion. 
All factors exhibiting a p-value < 0.2 were entered in a 
stepwise multivariable analysis logistic regression. Sta-
tistical analysis was carried out on SPSS 26.0 (IBM Corp. 
Released 2019. IBM SPSS Statistics for Windows, version 
26.0. Armonk, NY: IBM Corp). The level of significance 
was set at p < 0.05.

Results

Demographic and operative data are reported in Table 1. 
No significant difference was found between groups. Mean 
follow-up was 18 months.

No difference was found in the drain volume on the first 
postoperative day, but the reduction was significant in the 
HCS group at day 3 (19%, 930 mL [480–1510] versus 
1135 mL [800–1640], p = 0.028). Significant difference 
was also found in the total postoperative drain volume, 
measured hourly and adjusted to patient’s weight (27% 
reduction, 0.46  mL/Kg/h [0.29–0.7] versus 0.63  mL/
Kg/h [0.4–0.92], p = 0.042). However, no difference was 
found regarding postoperative haematocrits and estimated 
red cell deficit, which is an estimation of the bleeding 
(Table 2). The transfusion rate was lower in the HCS group 
[0 (0%) vs. 3 (8.8%), p = 0.076] but the difference did not 
reach significance. The multivariate analysis confirmed 
that the adjunction of HCS at the end of the procedure was 
associated with a decreased postoperative drain volume 
(drains (OR = 1.17 [1.10–1.25])) (Table 3). No surgical 
site infection (SSI) and no unplanned return to the operat-
ing room (UROR) was reported. Radiological data with 
preoperative, early postoperative and latest follow-up are 
reported in Table 4.

Discussion

Results of the current study showed that the use of an HCS 
was associated with a significant reduction in postoperative 
drain volume after AIS surgery and that it could be consid-
ered an additional blood saving measure. No patient received 
heterologous transfusion in the study, and no complication 
was reported.

The main objective in AIS surgery is to obtain the best 
3D correction possible, stable over time, while reducing 
perioperative morbidity. In the last decades, family burden 
has been dramatically reduced with shorter hospitalization 
stay (3 to 5 days) and earlier return to daily activities (school 
and recreations) thanks to enhanced recovery protocols [14]. 
Blood saving strategies are part of the “patient blood man-
agement” concept, described 10 years ago to avoid anaemia 
and blood transfusion in the perioperative period, respon-
sible for increased morbidity [3]. Limiting blood transfu-
sion to a minimum rate should therefore be a constant effort, 
especially in adolescents or young adults, to reduce post-
operative complications such as early SSI but also red cell 
alloimmunization.

Three distinct periods can be distinguished during AIS 
care. The first one is preoperative, and the efficiency of 
iron supplementation and erythropoietin have already been 
reported [1, 20]. The second period is the surgery itself, 
during which tranexamic acid is essential [7, 9]. Cell saver 
can also be installed, but the volume obtained after treat-
ment remains usually moderated (from 100 to 300 mL with 
variable haematocrits), so the benefit/cost balance is still 
controversial in primary AIS fusion without osteotomy. 
Topical haemostatic agents can also be used during the pro-
cedure, such as thrombin-gelatine matrix, but massive and 
uncontrolled bleeding remains rare in AIS patients without 
inherited bleeding disorders. The benefit of adding intra-
operatively gelatine matrix with human thrombin to the 
standard surgical methods to reduce blood loss has already 
been proven in a randomized study, but the product used 
by Helenius and al had no osteoinductive properties [10]. 
HCS is an interesting material, made of bovine collagen and 
ceramized hydroxyapatite, combining both osteoconduc-
tive and haemostatic properties (Figs. 2 and 3). Presented 
as a sponge, it can be cut in different sizes and shapes and 

Table 3  Multivariate analysis

OR IC 95%

Collapat II OR = 0.85 [0.80–0.96]

Age (years) OR = 1.06 [0.95–1.22]

Table 4  Main Cobb angle (°), mean ± standard deviation

HCS Hydroxyapatite charged collagen

Control group 
(n = 34)

HCS group 
(n = 34)

p

Preoperative 59 ± 11 61 ± 12 0.86

Early postoperative 21 ± 7 19 ± 8 0.76

Latest follow-up 22 ± 6 21 ± 7 0.68
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placed in the “dead spaces” lateral to the rods, but also on 
the lamina after decortication, with the objective of reduc-
ing postoperative blood loss. Although no in vitro exists 
regarding the haemostatic properties of the product. Prelimi-
nary encouraging experience has been reported in maxillo-
facial and orthopaedic surgery (foot, knee, hip and lumbar 
spine), but no clinical series has been published to date. The 
use of drains remains debatable in AIS surgery, as it might 
increase blood loss in the postoperatively (last period), but 
it is also recommended by some authors to reduce the risk 

of hematoma and pain level [12, 24]. In our department, 
subfascial drains (8 mm) were systematic after surgery, but 
placed in closed suction 6 h after closure and only kept for 
48 h (based on incision time). These drains were useful in 
the present study to evaluate postoperative blood loss and 
showed that HCS had a significant influence on drain vol-
ume (27% reduction when adjusted to patient’s weight) and 
showed in situ local haemostatic properties. In addition, the 
heterologous transfusion rate was reduced from 8 to 0%, but 
this trend will need to be confirmed in larger series. Despite 
these findings, no significant difference was observed in the 
overall estimated blood loss, calculated on day 1 and day 3 
after surgery, but this might be due to the small sample sizes. 
In terms of cost, economic study is required to evaluate the 
benefit of this biomaterial. The price of each sponge repre-
sents a significant amount of extra cost for an AIS procedure. 
However, this price needs to be compared with the one of 1 
red cell unit, taking into account hospital paramedical cost 
and potential complications, which can be spared if blood 
loss is decreased.

If reducing perioperative morbidity is a major concern in 
AIS surgery, the final goal remains the long-term stability 
of the correction. Bone graft is still mandatory, but the gold 
standard has switched from iliac crest bone graft (ICBG) to 
local bone graft (LBG), taken from the spinous processes 
and lamina decortication, which has been associated with 
reduced operative time, postoperative pain and blood loss 
[16]. The adjunction of allograft or bone substitute is often 
reported, but the differences in terms of outcomes (clinical 
and radiological) are unclear, and LBG alone has recently 
proven to achieve successful fusion in 99% of patients under-
going posterior fusion with modern instrumentation [8, 22, 
25]. The use of HCS should therefore be more driven in AIS 
by the efficient haemostatic properties reported in the series, 
but the material could also be interesting as a bone substitute 
in other indications (bone cysts, revision, adult scoliosis and 
degenerative spine). However, the aim of the current study 
was not to determine whether HCS could influence fusion 
rate in AIS, and further investigation remains necessary with 
long-term follow-up. However, no infection, no inflamma-
tory reaction and no other adverse effect was reported during 
the study period, so HCS can be considered as a safe alter-
native to other bone substitutes with additional haemostatic 
properties reinforcing blood saving strategies.

This study has some limitations. First, this is not a con-
trolled trial, but a retrospective analysis of data collected 
prospectively in a consecutive series of patients. Second, 
the additional cost and operative time induced by the prod-
uct adjunction need to be investigated and balanced with 
patient’s benefice. However, no overall operative time dif-
ference was reported between groups (p = 0.981, Table 1), 
but the scrub nurses were asked to cut the sponges while 
the surgeon was performing the laminae decortication and 

Fig. 2  Intraoperative view showing Hydroxyapatite charged collagen 
sponge placement laterally to the rods and medially above the bone 
graft

Fig. 3  Postoperative (26 weeks post-implantation) electronic view of 
in vitro collaopat II use in a sheep model, showing osteointegration
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placing the bone autograft. Finally, the study was monocen-
tric, with a single senior spine surgeon involved, and these 
preliminary results will need to be further confirmed on 
larger cohorts with different surgical correction techniques 
in terms of blood sparing efficiency.
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