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     Study Design.   Retrospective case-control study. 
   Objective.   To evaluate the hemostatic benefi ts of using a kaolin-
impregnated dressing during pediatric spinal deformity correction 
surgery. 
   Summary of Background Data.   Minimizing blood loss and 
transfusions are clear benefi ts for patient safety. A technique com-
mon in both severe trauma and combat medicine that has not been 
reported in the spine literature is wound packing with a kaolin-im-
pregnated hemostatic dressing. 
   Methods.   Estimated blood loss and transfusion amounts were 
analyzed in a total of 117 retrospectively identifi ed cases. The control 
group included 65 patients (46 females, 19 males, 12.7  ±  4.5 yr, 
10.2  ±  4.8 levels fused) who received standard operative care with 
gauze packing between June 2007 and March 2010. The treatment 
group included 52 patients (33 females, 19 males, 13.9  ±  3.2 yr, 
10.4  ±  4.3 levels fused) who underwent intraoperative packing with 
QuikClot Trauma Pads (QCTP, Z-Medica Corporation) for all surgical 
procedures from July 2010 to August 2011. No other major changes 
in the use of antifi brinolytics or perioperative, surgical, or anesthesia 
technique were noted. Statistical differences were analyzed using 
analysis of covariance in R with  P  value of less than 0.05. The 
statistical model included sex, age, weight, scoliosis type, the number 
of vertebral levels fused, and surgery duration as covariates. 
   Results.   The treatment group had 40% less intraoperative estimated 
blood loss than the control group (974 mL  vs . 1620 mL) ( P   <  0.001). 
Patients who received the QCTP treatment also had 42% less total 
perioperative transfusion volume (499 mL  vs . 862 mL) ( P   <  0.01). 
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     For patients with severe scoliosis, surgeons may perform 
spinal arthrodesis, or spinal fusion, to prevent further 
progression of scoliosis and create a more normal align-

ment of the spine. Surgeons utilize 3 approaches for spinal 
fusion: posterior, anterior, or a circumferential anterior/
posterior combination. Regardless of the surgical approach, 
deformity correction warrants extensive soft tissue and bony 
dissection. Therefore, spinal fusion may potentiate signifi cant 
blood loss because of large incisions and prolonged proce-
dural times. 

 Posterior spinal fusion with rigid transpedicular screw 
fi xation is used to correct severe pediatric spinal deformity. 
In posterior spinal fusion, pediatric patients may experience 
blood loss of up to 4 L or 60% of estimated blood volume 
because of the extensive dissection through the highly vas-
cular paraspinal muscles. 1  This considerable blood loss often 
requires blood transfusion therapy, 2  which may pose a vari-
ety of deleterious effects, including blood-borne infections, 
development of immune reactions, and acute lung injury. 3–5  
Consequently, these risks may increase morbidities, hospital 
stay, and cost. 6  ,  7  

 Many innovations in surgical technique and anesthesia 
have optimized blood conservation such as bipolar cautery, 
systemic administration of antifi brinolytics (tranexamic acid 
and aminocapronic acid), autologous blood donation, blood 
salvage, normovolemic hemodilution, hypotensive anesthe-
sia, and patient positioning. 8–10  Despite these improvements, 
transfusion therapy is often required. Therefore, it is impor-
tant for researchers to investigate new methods in hemostasis. 

 A relatively unexplored hemostatic product in the surgi-
cal setting is the advanced hemostatic dressing. Since the Iraq 
and Afghanistan military operations, hemostatic agents have 
developed rapidly to address local hemorrhage control. 11  ,  12  

   Conclusion.   The use of a kaolin-impregnated intraoperative trauma 
pad seems to be an effective and inexpensive method to reduce 
intraoperative blood loss and transfusion volume in pediatric spinal 
deformity surgery.   
  Key words:   kaolin  ,   hemostatic dressing  ,   scoliosis surgery  ,   blood loss  .  
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Early generations of these advanced dressings elicited compli-
cations, including diffi culty of administration due to a gran-
ular product design 13  and exothermic reaction of the active 
ingredient zeolite. 14–17  However, a widely used hemostatic 
dressing, a kaolin-impregnated gauze, has no known contra-
indications to date 18  and has been found to be safe and effec-
tive in testing performed by the US Military. 19  

 Kaolin is an aluminum phyllosilicate clay mineral that 
enhances the formation of hemostatic clots. Kaolin assists 
clot formation because of its negatively charged surface, 20  
which interacts with Factor XII 21  and platelet-associated Fac-
tor XI, 22  ,  23  both of which independently activate the intrinsic 
coagulation cascade. These interactions facilitate clot forma-
tion by decreasing the initial time of blood clot activation as 
demonstrated by thromboelastogram studies. 24  Thus, kaolin’s 
clot activating function establishes it as an effective hemostatic 
control. Furthermore, kaolin-impregnated gauze has been 
reported as a safe and effective hemostatic control in combat 
trauma, 25  porcine hemorrhage trials, 19  ,  24  ,  26–30  and the interven-
tional cardiology setting. 31  ,  32  Although kaolin-impregnated 
gauze gains recognition in the operating room, it has not yet 
been studied in pediatric spinal fusion surgery. The objective 
of this research is to determine whether packing with kaolin-
impregnated gauze during posterior scoliosis surgery reduces 
blood loss and transfusion amount. We hypothesize that 
patients who receive treatment with the kaolin-impregnated 
gauze during posterior spinal fusion will experience less blood 
loss and consequently require less transfusion.   

 MATERIALS AND METHODS 
 This retrospective study was approved by the institutional 
review board and was conducted at a tertiary pediatric cen-
ter. In the senior author’s practice, many hemostatic methods 
were already established to minimize blood loss. Before sur-
gery, caregivers assessed the patient’s nutrition, coagulation 
parameters, and platelet count. Also, patients with neuromus-
cular scoliosis received preoperative vitamin K. Intraopera-
tively, the patient was kept warm to prevent coagulopathy. 
Surgeons achieved intraoperative hemostasis with tranexamic 
acid (Pfi zer, New York, NY), Gelfoam (Pfi zer, New York, 
NY), thrombin packing, Surgifl o (Ethcon, Somervile, NJ), 
and bonewax. The mean arterial pressure was maintained 
normotensive, approximately 60 mm Hg. 

 We selected patients who underwent a posterior spinal 
deformity correction surgery by the senior attending pediat-
ric spine surgeon from June 2007 to August 2011. Selection 
parameters excluded patients who had received prior spine 
surgery. Clinical data obtained from medical fi les included 
age, sex, scoliosis type, weight, surgery duration, number 
of vertebrae fused, amount of estimated blood loss (EBL), 
transfusion amount, and blood chemistry results. Transfu-
sion amount was calculated as the total volume of transfu-
sions a patient received during surgery until discharge. Trans-
fusion volumes included intraoperative blood salvage from 
Cell Saver, packed red blood cells, fresh frozen plasma, and 
platelets. Within our selection parameters, we included both 
hemivertebra resections and posterior osteotomies to include 

a wide range of posterior spinal fusion levels. By including a 
broad range of fusion levels, one of the independent variables 
for blood loss, we strengthened the statistical power of the 
regression analysis. 

 Patients in this study were assigned to 1 of 2 groups. The 
control group consisted of cases between June 2007 and 
March 2010. These patients received intraoperative surgical 
wound packing with standard gauze and towel clamps when-
ever possible. In June 2010, the standard operating procedure 
for scoliosis was modifi ed to include a kaolin-impregnated 
gauze, QuikClot Trauma Pads (QCTP, Z-Medica Corpora-
tion, Wallingford, CT), for intraoperative packing. A typical 
case used 3 QuikClot Trauma Pads, which measure 1 ft 2 , or 
30.48 cm 2 . Cases from July 2010 to August 2011 were identi-
fi ed for the treatment group. There was no difference between 
the 2 groups in the use of the antifi brinolytic, tranexamic acid, 
or perioperative, surgical, or anesthesia technique. 

 Data were analyzed in R, a statistical and graphical com-
puting freeware. Prior to data analysis, we identifi ed outliers 
with the Bonferroni outlier test. We used the Bonferroni outlier 
test to lower the probability of making a type 1 error, falsely 
concluding that there is a signifi cant effect of our treatment. 
From this statistical test, we excluded patients who had EBL 
or transfusion amounts that were extreme for their respective 
linear models ( P   <  0.05). Specifi cally, there were 4 outliers in 
the control group who lost more than their expected EBL. In 
addition, there was 1 outlier in the control group who had 
more than his or her expected transfusion amount. Because 
we hypothesized that the control group should have higher 
EBL and transfusion amounts than the treatment group, 
excluding these outliers resulted in a more conservative test 
of our hypothesis. 

 Demographic data between the two groups were compared 
using a Student  t  test ( α   =  0.05). Hemostatic effects were eval-
uated using 2 analysis of covariance (ANCOVA) statistical 
models that accommodated both continuous and categorical 
variables. In these ANCOVAs, the variable of interest (EBL or 
transfusion amount) was modeled as a function of treatment 
(control, QCTP), sex (male, female), scoliosis type (idiopathic, 
neuromuscular, congenital, syndromic), age, weight, number 
of vertebrae fused, and surgery duration. When creating these 
models, we found that surgery duration and the number of 
vertebrae fused were correlated. However, we decided to keep 
both factors in the statistical models, because the correlation 
was not strong (Pearson correlation coeffi cient,  R   =  0.491). 
During data analysis, signifi cance was defi ned as  P  value of 
less than 0.05. Estimated marginal means, which are the mean 
response for each variable adjusted for covariates in the model, 
and 95% confi dence intervals were also calculated in R.   

 RESULTS 
 A total of 117 children were identifi ed as eligible for this 
study: 65 patients for the control group and 52 patients for 
the treatment group. Demographically, the control and treat-
ment patient groups were similar. There was no difference in 
mean age, weight, surgery duration, and number of vertebrae 
fused between the 2 groups ( Table 1 ) ( P   >  0.05).  
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 According to the fi rst ANCOVA statistical model, EBL was 
signifi cantly affected by 3 factors: treatment, number of verte-
brae fused, and surgery duration ( Table 2 ).  Figure 1  illustrates 
all factors that signifi cantly affected EBL. Patients packed 
with QCTP lost 40% less blood than those who received 
standard gauze (974 mL  vs.  1620 mL [marginal means]) ( P   <  
0.001) ( Figure 1 A). Blood loss was also positively correlated 
with surgical duration ( Figure 1 B) and the number of verte-
brae fused ( Figure 1 C).   

 Similar results were observed for transfusion amounts. 
The second ANCOVA model determined that treatment, 
number of vertebrae fused, and surgery duration signifi -
cantly affected transfusion amount ( Table 3 ). Surgical cases 

with QCTP received 42% less transfusion volume than the 
control group (499 mL  vs . 862 mL [marginal means]) ( P   <  
0.01) ( Figure 2 A). Transfusion amount was also affected by 
increased surgical duration ( Figure 2 B) and the number of 
vertebrae fused ( Figure 2 C).     

 DISCUSSION 
 Massive blood loss, defi ned as more than 30% estimated 
blood volume, can occur in nearly 60% of patients undergo-
ing posterior spinal fusion procedures. 33  This intraoperative 
blood loss may have extensive clinical and fi nancial implica-
tions for patients. Previous studies have correlated substan-
tial intraoperative blood loss with a longer procedural time, 
the administration of blood products, the use of systemic and 
topical hemostats, and a prolonged hospitalization. 34  When 
considerable blood loss occurs, transfusions are required, 
which can carry the risk of hypersensitivity reaction, trans-
fusion-related acute lung injury, and transfusion-associated 
circulatory overload. 10  

 Large fi nancial impacts are also concomitant with blood 
loss and transfusions. Blood products can cost $1650/unit for 
packed red blood cells, 35  $81/unit for fresh frozen plasma, 
and $742/unit for platelets (adjusted for infl ation according 
to U.S. Bureau of Labor Statistics,  http://www.bls.gov/data/
infl ation_calculator.htm , accessed March 4, 2014). 36  In addi-
tion, uncontrolled bleeding may lead to a longer operative 
time, which is charged as $214/min (Susan Mecklenburg, 
RN, Children’s Mercy Hospital, written communication, 
April 1, 2014). Thus, limiting intraoperative blood loss offers 
both clinical and fi nancial benefi ts. 

 The kaolin-impregnated gauze is currently considered a 
leading hemostatic agent because of (1) its easy application 
and removal, (2) its topical action at the site of bleeding, and 
(3) for its excellent hemostatic ability. First, QCTP is a  single 
radiopaque sponge, which makes it amenable to surgical 

 TABLE 1.    Comparison of Kaolin Sponge Treatment and Standard Gauze Control Groups  
Characteristic Treatment Group (n  =  52) Control Group (n  =  65)  P  ( 𝛂   =  0.05) Total Population (n  =  117)

Sex (female:male) 33:19 46:19 … 79:38

Scoliosis type (C:I:N:S) 6:23:17:6 8:30:24:3 … 14:53:41:9

Mean patient age (yr)  ±  
SD (minimum-
maximum)

13.91  ±  3.20 (4.0–19.33) 12.70  ±  4.54 (1.5–20.5) 0.093 13.24  ±  4.03

Mean patient weight 
(kg)  ±  SD (minimum-
maximum)

47.24  ±  19.79 (15.5–104.1) 50.87  ±  30.13 (8.0–124.0) 0.436 49.26  ±  26.01

Mean surgery duration 
(hr)  ±  SD (minimum-
maximum)

7.00  ±  1.99 (3.28–11.50) 6.34  ±  2.20 (0.95–12.67) 0.094 6.63  ±  2.13

Mean number of 
vertebrae fused  ±  SD 
(minimum-maximum)

10.40  ±  4.35 (3–17) 10.20  ±  4.82 (2–17) 0.811 10.29  ±  4.60

 C:I:N:S indicates congenital:idiopathic:neuromuscular:syndromic. 

 TABLE 2.    Estimated Blood Loss Analysis of 
Covariance Model  

Sum of 
Squares  df  F  P  ( 𝛂   =  0.05)

Treatment* 10,830,606 1 26.9861 9.862e-07*

Sex 845,306 1 2.1062 0.149628

Scoliosis type 419,121 3 0.3481 0.790589

Age 1,163,025 1 2.8979 0.091601

Weight 550,984 1 1.3729 0.243924

Number of 
  vertebrae 

fused*
2,430,010 1 6.0547 0.015469*

Surgery duration* 14,401,511 1 35.8835 2.855e-08*

Residuals 42,943,443 107

 *Signifi cant. 
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counting practices. Second, topical action is considered supe-
rior in safety to systemic activation of coagulation factors such 
as lysine analogs and aprotinin. 37  Third, many studies have 
shown the effi cacy of kaolin hemostatic dressings in porcine 
and human trials. In particular, Kheirabadi  et al  19  compared 
the effi cacy of QuikClot Combat Gauze, which is another 
widely studied kaolin-impregnated product, with other hemo-
static dressings including HemCon, Celox-D, TraumaStat, 
and a placebo gauze. In these trials, QuikClot Combat Gauze 
outperformed the others while securing hemostasis 
for 135  ±  22 minutes after a femoral artery injury in 

splenectomized swine models. Moreover, kaolin-impregnated 
gauze has been shown to be safe and effective in a variety 
of human clinical and prehospital settings. 25  ,  32  ,  38  ,  39  However, 
our study is the fi rst analysis of the  in vivo  utilization of a 
reformulated kaolin-impregnated product in pediatric spinal 
deformity surgery. In addition to kaolin’s safe and effective 
history, our results suggest that packing with a kaolin-impreg-
nated gauze may improve both the clinical and fi nancial out-
comes of blood loss in severe pediatric spinal deformity. 

 Our results indicate that pediatric patients who received 
QCTP packing during posterior scoliosis surgery lost signifi -
cantly less blood and received smaller transfusion amounts 
than a historical control group. No contraindications of 
using QCTP were noted. However, there are still some limi-
tations to consider. Because QCTP requires clotting factors 
to be effective, it may not work in cases of dilutional coagu-
lopathy. In combat, an 8% failure rate of a past-generation 
advanced hemostatic dressings was attributed to coagulo-
pathic patients and the inability to position the dressings over 
the hemorrhage site. 16  However, recent studies seem to indi-
cate that the kaolin-based products are effective in promot-
ing clotting even in the presence of hemodilution and hypo-
thermia. 24  ,  40  ,  41  Therefore, although dilutional coagulopathy 
may rarely develop in scoliosis correction surgery, the use of 
QCTP as packing should function as a preventative measure. 
Thus, kaolin-impregnated gauze may be a safe and effective 
routine hemostatic control for posterior scoliosis surgery. 

 In addition to limiting blood loss and transfusion 
amounts, a kaolin-impregnated dressing during posterior 
scoliosis may also reduce costs. Although we did not dem-
onstrate decreased overall cost of surgery, the additional cost 
of this treatment seems inconsequential. In this study, the 
typical posterior spine deformity surgery used about 3 Qui-
kClot Trauma Pads priced at $8.30 each (Julie Crookshank, 
RN, Children’s Mercy  Hospital, written communication, 

 TABLE 3.    Blood Transfusion Amount Analysis of 
Covariance Model  

Sum of 
Squares  df  F  P  ( 𝛂   =  0.05)

Treatment* 3,441,142 1 8.9354 0.00347*

Sex 1579 1 0.0041 0.94906

Scoliosis type 1,863,186 3 1.6127 0.19074

Age 1923 1 0.0050 0.94380

Weight 1,201,840 1 3.1208 0.08015

Number of 
  vertebrae 

fused*
1,859,754 1 4.8291 0.03014*

Surgery duration* 2,506,107 1 6.5075 0.01216*

Residuals 41,206,949 107

 *Signifi cant. 
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  Figure 1.     A , Patients with scoliosis treated with the kaolin-impregnated 
gauze lost signifi cantly less blood than control patients ( P   <  0.001). 
Gray bars represent estimated marginal means, which characterize 
 estimated blood loss adjusted for all other covariates in the analysis 
of covariance model. Error bars represent 95% confi dence intervals. 
 B , Estimated blood loss increased with increased surgical duration for 
all patients. Dashed lines represent 95% confi dence intervals.  C , Esti-
mated blood loss also increased with the number of vertebrae fused.  
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February 14, 2014). This summates to about $25 total addi-
tional cost, which is very negligible compared with overall cost 
of surgery. Therefore, any reduction of transfusion amount by 
a kaolin dressing should result in reduced surgical costs. 

 Regardless of treatment with QCTP, other factors also 
 signifi cantly affected blood loss and transfusion amounts. 
Previous studies have identifi ed the number of segments 
fused and surgical duration as predictors for the amount of 
blood loss. 6  ,  42  These predictions agree with our results. Meert 
 et al  2  also identifi ed neuromuscular syndrome to have a 

higher likelihood of blood loss and blood transfusions. 
This may be explained by the observation that patients 
with  neuromuscular syndrome generally have more spi-
nal  segments repaired. 2  ,  6  Our statistical model controlled 
for the effects of other covariates, such as the number of 
spinal  segments fused. Therefore, the increased number of 
vertebrae fused for  neuromuscular syndrome–type scolio-
sis would be taken into account when determining whether 
scoliosis type affected blood loss and transfusion. Thus, 
with our statistical model, we found no evidence of type of 
scoliosis affecting either blood loss or transfusion amount 
per level fused. 

 When deciding to use any advanced hemostatic dressing, 
a number of clinical parameters including the severity of 
bleeding, the size of the surgical wound, and the possible side 
effects of the hemostat must be considered prior to its wide-
spread acceptance. For example, a study on blepharoplasty 
did not fi nd improved hemostasis after using kaolin-impreg-
nated gauze. 43  Oculoplastic surgery may not involve enough 
bleeding to justify the use of a hemostatic gauze developed 
for hemorrhage control. On the contrary, some researchers 
found kaolin-impregnated gauze to be effective for minimally 
bleeding procedures. Politi  et al  44  observed less radial artery 
occlusion, when using kaolin-impregnated gauze after cardiac 
percutaneous procedures. In spite of these contrasting results 
for minimal blood loss procedures, we think that posterior 
scoliosis surgery is an appropriate procedure for using topi-
cal hemostatic dressings due to the long time of exposure of 
vascular tissue and bone. 

 There are several limitations in this study. First, the ret-
rospective nature of our research required a use of a his-
torical control group. Further research with an adequately 
powered, randomized trial comparing QCTP  versus  stan-
dard gauze packing would unequivocally determine whether 
QCTP minimizes blood loss. Clinical trials could also deter-
mine whether exposure time to QCTP affects blood loss and 
transfusion volumes, because use of QCTP on the surgical 
wound was not timed. Second, the study was limited in the 
type of data available and collected. This study assessed only 
the inpatient transfusion amounts during and after surgery, 
so any blood transfusions past the patient’s discharge were 
not captured. Also, blood chemistry data were not consis-
tently reported postoperatively. Therefore, it is inconclusive 
whether QCTP affects blood chemistry although swine stud-
ies have reported that it does not. 24  Finally, the threshold 
hemoglobin/hematocrit parameters for transfusion were not 
standardized in this study. 

 Even with the best of care, posterior scoliosis correc-
tion surgery is associated with the risk of excessive bleed-
ing and allogenic transfusions. To mitigate these potential 
risks, hemostatic controls must be utilized and improve-
ments should be investigated. Our results demonstrate 
that treatment with the kaolin-impregnated hemostatic 
dressing may signifi cantly minimize blood loss and trans-
fusion volume in pediatric posterior scoliosis surgery and 
may be a cost-effective and simple intervention to achieve 
hemostasis.                   

Copyright © 2014 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

1000

800

600

400

T
ot

al
 tr

an
sf

us
io

n 
am

ou
nt

 (
m

L)

Treatment groupControl group

Surgery duration (hours)
2 6 8 100 12

0

500

1000

1500

2000

2500

T
ot

al
 tr

an
sf

us
io

n 
am

ou
nt

 (
m

L)

Number of vertebrae fused

4 8 12 160
0

500

1000

1500

2000

T
ot

al
 tr

an
sf

us
io

n 
am

ou
nt

 (
m

L)

C

A

B

  Figure 2.     A , Patients with scoliosis treated with the kaolin-impregnated 
gauze received signifi cantly less total transfusion volume than control 
patients ( P   <  0.01). Gray bars represent estimated marginal means, 
which characterize estimated transfusion volume adjusted for all other 
covariates in the analysis of covariance model. Error bars represent 
95% confi dence intervals.  B , Transfusion volume increased with in-
creased surgical duration for all patients. Dashed lines represent 95% 
confi dence intervals.  C , Total transfusion volume also increased with 
the number of vertebrae fused.  
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  ➢  Key Points 

         This retrospective study on posterior spinal fusion 
compared 65 patients with pediatric scoliosis 
who received standard intraoperative wound 
packing gauze, with 52 patients who received 
kaolin-impregnated hemostatic dressing (QCTP) 
for packing.  
       Patients who received the kaolin dressing lost 

signifi cantly less blood and had less total blood 
transfusion volumes than the control group 
( P   <  0.01).  
       Blood loss and transfusion volume were 

 approximately 40% less with the use of the 
 hemostatic dressing.  
       Our data suggest that the use of this hemostatic 

dressing during pediatric scoliosis correction 
 surgery may increase safety for the patient 
 without increasing overall cost of surgery.      

 References 
     1.        Shapiro   F  ,     Sethna   N   .  Blood loss in pediatric spine surgery .  CORD 

Eur Spine J   2004 ; 13 ( suppl 1 ): S6 – 17 .  
     2.        Meert   KL  ,     Kannan   S  ,     Mooney   JF   .  Predictors of red cell transfusion 

in children and adolescents undergoing spinal fusion surgery .  Spine 
(Phila Pa 1976)   2002 ; 27 : 2137 – 42 .  

     3.        Zou   SS  ,     Stramer   SLS  ,     Dodd   RYR   .  Donor testing and risk: current 
prevalence, incidence, and residual risk of transfusion-transmissible 
agents in US allogeneic donations .  Transfus Med Rev   2012 ; 26 :
 119 – 28 .  

     4.        Hill   GEG  ,     Frawley   WHW  ,     Griffi th   KEK   , et al.    Allogeneic blood 
transfusion increases the risk of postoperative bacterial infection: a 
meta-analysis .  J Trauma   2003 ; 54 : 908 – 14 .  

     5.        Gong   MN  ,     Thompson   BT  ,     Williams   P   , et al.    Clinical predictors of 
and mortality in acute respiratory distress syndrome: potential role 
of red cell transfusion .  Crit Care Med   2005 ; 33 : 1191 – 98 .  

     6.        Hassan   N  ,     Halanski   M  ,     Wincek   J   , et al.    Blood management in 
 pediatric spinal deformity surgery: review of a 2-year experience . 
 Transfusion   2011 ; 51 : 2133 – 41 .  

     7.        Smith   JS  ,     Saulle   D  ,     Chen   C-J   , et al.    Rates and causes of mortal-
ity associated with spine surgery based on 108,419 procedures: a 
review of the Scoliosis Research Society Morbidity and Mortality 
Database .  Spine   2012 ; 37 : 1975 – 82 .  

     8.        Tzortzopoulou   A  ,     Cepeda   MS  ,     Schumann   R   , et al.    Antifi brinol-
ytic agents for reducing blood loss in scoliosis surgery in children . 
 Cochrane Database Syst Rev   2008 : CD006883 .  

     9.        Guha   AR  ,     Khurana   A  ,     Saxena   N   , et al.    The effect of blood conser-
vation measures in adult scoliosis correction surgery .  Orthop Proc  
 2009 ; 91-B ( suppl 3 ): 482 .  

     10.        Lavoie   J   .  Blood transfusion risks and alternative strategies in pedi-
atric patients .  Paediatr Anaesth   2011 ; 21 : 14 – 24 .  

     11.        Alam   HB  ,     Burris   D  ,     DaCorta   JA   , et al.    Hemorrhage control in the 
battlefi eld: role of new hemostatic agents .  Mil Med   2005 ; 170 : 63 – 69 .  

     12.        Pusateri   AEA  ,     Holcomb   JBJ  ,     Kheirabadi   BSB   , et al.    Making sense 
of the preclinical literature on advanced hemostatic products . 
 J Trauma   2006 ; 60 : 674 – 82 .  

     13.        Arnaud   F  ,     Tomori   T  ,     Saito   R   , et al.    Comparative effi cacy of gran-
ular and bagged formulations of the hemostatic agent QuikClot . 
 J Trauma   2007 ; 63 : 775 – 82 .  

     14.        Wright   JK  ,     Kalns   J  ,     Wolf   EA   , et al.    Thermal injury resulting from 
application of a granular mineral hemostatic agent .  J Trauma  
 2004 ; 57 : 224 – 30 .  

     15.        McManus   JJ  ,     Hurtado   TT  ,     Pusateri   AA   , et al.    A case series 
describing thermal injury resulting from zeolite use for hem-
orrhage control in combat operations .  Prehosp Emerg Care  
 2007 ; 11 : 67 – 71 .  

     16.        Rhee   P  ,     Brown   C  ,     Martin   M   , et al.    QuikClot use in trauma for 
hemorrhage control: case series of 103 documented uses .  J Trauma  
 2008 ; 64 : 1093 – 99 .  

     17.        Plurad   D  ,     Chandrasoma   S  ,     Best   C   , et al.    A complication of intracor-
poreal use of Quikclot for pelvic hemorrhage .  J Trauma   2009 ; 66 :
 1482 – 84 .  

     18.        Basadonna   GG   .  QuikClot combat gauze for hemorrhage control . 
 Prehosp Disaster Med   2012 ; 27 : 217   .  

     19.        Kheirabadi   BS  ,     Mace   JE  ,     Terrazas   IB   , et al.    Safety evaluation 
of new hemostatic agents, smectite granules, and kaolin-coated 
gauze in a vascular injury wound model in swine .  J Trauma  
 2010 ; 68 : 269 – 77 .  

     20.        Margolis   J   .  The kaolin clotting time; a rapid one-stage method for 
diagnosis of coagulation defects .  J Clin Pathol   1958 ; 11 : 406 – 9 .  

     21.        Griffi n   JH   .  Role of surface in surface-dependent activation of 
Hageman factor (blood coagulation factor XII) .  Proc Natl Acad 
Sci U S A   1978 ; 75 : 1998 – 2002 .  

     22.        Walsh   PNP   .  The effects of collagen and kaolin on the intrinsic 
coagulant activity of platelets. Evidence for an alternative pathway 
in intrinsic coagulation not requiring factor XII .  Br J Haematol  
 1972 ; 22 : 393 – 405 .  

     23.        Tuszynski   GP  ,     Bevacqua   SJ  ,     Schmaier   AH   , et al.    Factor-Xi antigen 
and activity in human-platelets .  Blood   1982 ; 59 : 1148 – 56 .  

     24.        Causey   MWM  ,     McVay   DPD  ,     Miller   SS   , et al.    The effi cacy of 
Combat Gauze in extreme physiologic conditions .  J Surg Res  
 2012 ; 177 : 301 – 5 .  

     25.        Ran   YY  ,     Hadad   EE  ,     Daher   SS   , et al.    QuikClot Combat Gauze use 
for hemorrhage control in military trauma: January 2009 Israel 
Defense Force experience in the Gaza Strip—a preliminary report 
of 14 cases .  Prehosp Disaster Med   2010 ; 25 : 584 – 8 .  

     26.        Kheirabadi   BS  ,     Edens   JW  ,     Terrazas   IB   , et al.    Comparison of new 
hemostatic granules/powders with currently deployed hemostatic 
products in a lethal model of extremity arterial hemorrhage in 
swine .  J Trauma   2009 ; 66 : 316 – 8 .  

     27.        Kheirabadi   BS  ,     Mace   JE  ,     Terrazas   IB   , et al.    Clot-inducing miner-
als versus plasma protein dressing for topical treatment of exter-
nal bleeding in the presence of coagulopathy .  J Trauma   2010 ; 69 :
 1062 – 3 .  

     28.        Arnaud   F  ,     Teranishi   K  ,     Okada   T   , et al.    Comparison of Combat 
Gauze and TraumaStat in two severe groin injury models .  J Surg 
Res   2011 ; 169 : 92 – 8 .  

     29.        Gegel   BB  ,     Burgert   JJ  ,     Gasko   JJ   , et al.    The effects of QuikClot 
 Combat Gauze and movement on hemorrhage control in a porcine 
model .  Mil Med   2012 ; 177 : 1543 – 7 .  

     30.        Inaba   K  ,     Branco   BC  ,     Rhee   P   , et al.    Long-term preclinical evalua-
tion of the intracorporeal use of advanced local hemostatics in a 
 damage-control swine model of grade IV liver injury .  J Trauma 
Acute Care Surg   2013 ; 74 : 538 – 45 .  

     31.        Trabattoni   D  ,     Montorsi   P  ,     Fabbiocchi   F   , et al.    A new kaolin-based 
haemostatic bandage compared with manual compression for 
bleeding control after percutaneous coronary procedures .  Eur 
Radiol   2011 ; 21 : 1687 – 91 .  

     32.        Trabattoni   D  ,     Gatto   P  ,     Bartorelli   AL   .  A new kaolin-based hemo-
static bandage use after coronary diagnostic and interventional pro-
cedures .  Int J Cardiol   2012 ; 156 : 53 – 4 .  

     33.        Yu   X  ,     Xiao   H  ,     Wang   R   , et al.    Prediction of massive blood loss 
in scoliosis surgery from preoperative variables .  Spine   2013 ; 38 :
 350 – 5 .  

     34.        Zimmerman   LH   .  Causes and consequences of critical bleeding and 
mechanisms of blood coagulation .  Pharmacotherapy   2007 ; 27 :
 45S – 56S .  

Copyright © 2014 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

SPINE131121_LR   E1179SPINE131121_LR   E1179 07/08/14   2:04 PM07/08/14   2:04 PM



SURGERY Kaolin Dressing in Spine Surgery • Abbott et al

E1180 www.spinejournal.com September 2014

     35.        Shander   A  ,     Hofmann   A  ,     Gombotz   H   , et al.    Estimating the cost 
of blood: past, present, and future directions .  Best Pract Res Clin 
Anaesthesiol   2007 ; 21 : 271 – 89 .  

     36.        Sullivan   MT  ,     Cotten   R  ,     Read   EJ   , et al.    Blood collection and transfu-
sion in the United States in 2001 .  Transfusion   2007 ; 47 : 385 – 94 .  

     37.        Boucher   BAB  ,     Traub   OO   .  Achieving hemostasis in the surgical 
fi eld .  Pharmacotherapy   2009 ; 29 ( pt 2 ): 2S – 7S .  

     38.        Patel   SAS  ,     Martin   MM  ,     Chamales   II   .  Vaginal hemorrhage from 
transobturator sling controlled with QuikClot combat gauze .  Mil 
Med   2012 ; 177 : 997 – 8 .  

     39.        Murray   CK  ,     Brunstetter   T  ,     Beckius   M   , et al.    Evaluation of hemo-
static fi eld dressing for bacteria, mycobacteria, or fungus contami-
nation .  Mil Med   2013 ; 178 : 394 – 7 .  

     40.        Johnson   D  ,     Agee   S  ,     Reed   A   , et al.    The effects of QuikClot Combat 
Gauze on hemorrhage control in the presence of hemodilution .  US 
Army Med Dep J  2012;  2012 : 36 – 39 .  

     41.        Sena   MJ  ,     Douglas   G  ,     Gerlach   T   , et al.    A pilot study of the use 
of kaolin-impregnated gauze (Combat Gauze) for packing high-
grade hepatic injuries in a hypothermic coagulopathic swine 
model .  J Surg Res   2013 ; 183 : 704 – 9 .  

     42.        Doi   T  ,     Harimaya   K  ,     Matsumoto   Y   , et al.    Peri-operative 
blood loss and extent of fused vertebrae in surgery for ado-
lescent idiopathic scoliosis .  Fukuoka Igaku Zasshi   2011 ; 102 :
 8 – 13 .  

     43.        Kondapalli   SSA  ,     Czyz   CN  ,     Cahill   KV   , et al.    Kaolin-impregnated 
gauze in oculoplastic surgery .  ARVO Meet Abstr   2012 ; 53 :
 1446 .  

     44.        Politi   L  ,     Aprile   A  ,     Paganelli   C   , et al.    Randomized clinical trial on 
short-time compression with kaolin-fi lled pad: a new strategy to 
avoid early bleeding and subacute radial artery occlusion after 
percutaneous coronary intervention .  J Interv Cardiol   2011 ; 24 :
 65 – 72 .  

Copyright © 2014 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

SPINE131121_LR   E1180SPINE131121_LR   E1180 07/08/14   2:04 PM07/08/14   2:04 PM


