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Abstract

Purpose: A kaolin-impregnated hemostatic sponge (QuikClot) is reported to reduce intraoperative blood loss in trauma
and noncardiac surgery. The purpose of this study was to assess if this sponge was effective for hemostasis during Nor-
wood operation. Description: We conducted a retrospective review of patients undergoing Norwood operation in infancy
between 2011 and 2016 at our institution. Evaluation: Of 3| identified Norwood operations, a kaolin-impregnated
sponge was used intraoperatively in 15 (48%) patients. The preoperative profiles and cardiopulmonary bypass status
were similar between the operations with or without kaolin-impregnated sponge. The comparison on each operative
outcome between operations with or without kaolin-impregnated sponge showed that the intraoperative platelets, cryo-
precipitate, and factor VIl dosage were significantly less in the operations with kaolin-impregnated sponge (55 mL, 10 mL,
0 pg/kg vs 72 mL, 15 mL, 45 pg/kg; P = .03, .021, .019), as well as the incidence of perioperative bleeding complications
(second cardiopulmonary bypass for hemostasis or postoperative mediastinal exploration, 0% vs 31%, P = .043). A logistic
regression model showed that the nonuse of kaolin-impregnated sponge and longer aortic cross clamp time were
associated with perioperative bleeding complication in univariable model (P = .02 and .005). Conclusions: Use of kaolin-
impregnated hemostatic sponge was associated with reduced blood product use and perioperative bleeding complications in
Norwood operation at a single institution.
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kaolin-impregnated sponge reduced blood loss in trauma,’
interventional procedures, and noncardiac surgeries.®'°

To understand better the efficacy of this sponge, we retro-
spectively reviewed the outcomes of neonates and infants who
had the Norwood operation at our institution. Major outcomes
studied included blood products’ usage and bleeding-related
complications.

Introduction

Intraoperative and postoperative bleeding are the most serious
complications in cardiovascular surgery. Inadequate intrao-
perative hemostasis require increased use of blood products
or additional hemostatic agents and increased need for
unplanned reinterventions, which results in higher mortality
and morbidity.'” The bleeding tendency seemed more evident
in smaller children due to more hemodilution by the relatively
larger cardiopulmonary bypass circuit compared to body size
and less mature coagulation function.*

The kaolin-impregnated hemostatic sponge (QuikClot;
Z-Medica, Wallingford, Connecticut) is a newly developed
hemostatic agent employing an inorganic mineral (kaolin).
Kaolin is an aluminum silicate mineral that accelerates the
natural intrinsic clotting pathway in contact with blood by
activating factor XII° and platelet-associated factor XI°
and instigating the remainder of the coagulation cascade
(Figure 1). Several reports in the literature indicate that the
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Mechanism of kaolin-impregnated hemostatic sponge
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Figure |. The mechanism of kaolin-impregnated hemostatic sponge. HWMK represents high-molecular-weight kininogen, and the kaolin
activates the same process of accelerating the surface-mediated activation of factor Xll on its negatively charged surface. lllustration used with

permission of Z-Medica.

Materials and Methods
Study Design

All children less than 120 days old who had a Norwood oper-
ation by the Division of Pediatric and Congenital Cardiovas-
cular Surgery at Arkansas Children’s Hospital between January
2011 and June 2016 were included in this retrospective study.
Patients of 120 days of age or older at the time of Norwood
operation and who had postoperative extracorporeal membrane
oxygenation support were excluded from this study.

This study was approved and monitored by the University of
Arkansas for Medical Sciences’ institutional review board, and
the need for patient consent was waived due to the study’s
retrospective nature. Medical records were reviewed, and the
following data were retrieved and analyzed: basic demographic
data, anatomical information, surgical history, intraoperative
data, and postoperative outcomes. Bleeding complication was
defined as second cardiopulmonary bypass run for hemostasis
or postoperative mediastinal exploration.

Statistical Analysis

All the data were analyzed using statistical software R v3.2.5
(R Foundation for Statistical Computing, Vienna, Austria).
Descriptive statistics were expressed as median (first quartile,
third quartile) for continuous variables and count (percentage)
for categorical variables. The distributions of continuous vari-
ables were compared between the operations with or without
kaolin-impregnated hemostatic sponge using the Mann-
Whitney U tests, while the proportions of the categorical vari-
ables were compared using the Fisher’s exact tests. A logistic
regression model with Firth’s penalized likelihood approach
was fitted for bleeding complication as a function of each risk

factor to assess the univariable association between outcome
and each risk factor. Due to a relatively small sample size, risk
factors with a univariable P-value of less than .1 were selected
to be included in the multivariable model. A multivariable
model was fitted for bleeding complication as a function of
kaolin-impregnated hemostatic sponge use, body weight, and
aortic cross clamp time. P-values <.05 were considered to
indicate statistical significance.

Results
Patient Characteristics and Operative Interventions

For the study period (January 2011 to June 2016), 31 Norwood
operations were identified (9 operations with extracorporeal
membrane oxygenation supports and 5 operations at more than
120 days of age were excluded from the total of 45 operations).
Preoperative diagnoses included hypoplastic left heart syn-
drome (27), interrupted aortic arch and single ventricle (3), and
transposition of great arteries and hypoplastic right ventricle
(1). Nine patients had previously undergone bilateral pulmon-
ary artery banding or hybrid stage I procedure.

All patients had the Norwood operation including aortic
arch reconstruction with homograft patch augmentation,
Damus-Kaye-Stansel anastomosis, atrial septectomy, and pul-
monary artery blood supply (right ventricle to pulmonary artery
conduit in 25 and systemic to pulmonary artery shunt in 6
operations) via median sternotomy under cardiopulmonary
bypass. No comprehensive stage II procedures were included
in this cohort, and all nine patients with prior bilateral pulmon-
ary artery banding or hybrid stage I procedure underwent a
delayed Norwood operation. The cardiopulmonary bypass cir-
cuit had a Capiox FX05 oxygenator (Terumo Cardiovascular
Systems Corp, Ann Arbor, Michigan) and a prime volume of
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Table I. Preoperative Profiles and Operative Details.?
All Operations Without  Operations With

Operations,  Kaolin-Impregnated Kaolin-Impregnated
Variables n =3l Sponge,n= 16 Sponge,n=15 P Value
Gender, male 19 (61%) Il (69%) 8 (53%) A7
Age, day 9 (7, 32) 12 (9, 24) 7 (6, 32) .07
Weight, kg 32(3,3.7) 32(3,3.7) 3.1 (3,34 5
Genetic disorder 5 (38%) 2 (33%) 3 (43%) 99
Previous surgery 9 (29%) 5 31%) 4 (27%) .99
Cardiopulmonary bypass time, minutes 152 (142, 167) 156 (143, 181) 150 (140. 160) .28
Aortic cross clamp time, minutes 46 (42, 54) 42 (34, 47) 53 (46, 54) .004
Regional cerebral perfusion time, minutes 43 (34, 50) 36 (28, 43) 50 (42, 52) .013
Right ventricle to pulmonary artery conduit as pulmonary blood flow source 25 (81%) Il (69%) 14 (93%) A7

*Variables were expressed as median (first quartile, third quartile) for continuous variables and as count (percentage) for categorical variables.

approximately 350 mL and was primed with 1 unit of packed
blood cells and 1 unit of fresh frozen plasma. During cardio-
pulmonary bypass, the hematocrit was maintained at approxi-
mately 35% with appropriate venous oxygen saturation. During
aortic arch reconstruction, regional cerebral perfusion tech-
nique was preferably used with deep hypothermia to 18°C by
the alpha-stat technique, and a brief period of circulatory arrest
was applied in 16 operations as necessary. After cessation of
cardiopulmonary bypass, modified ultrafiltration was per-
formed for 15 minutes with the target hematocrit at the end
of ultrafiltration of higher than 40%. After modified ultrafiltra-
tion, protamine was given to reverse the heparin effect. The
bleeding before protamine and the circuit blood were recycled
with an intraoperative cell salvage machine (Fresenius Contin-
uous AutoTransfusion System Plus; Terumo Cardiovascular
Systems Corp, Ann Arbor, Michigan). Packed red blood cells,
platelet concentrate, cryoprecipitate, and factor VII were given
as necessary by discussion between the surgeon and the
anesthesiologist to achieve adequate hemostasis.

After protamine, the kaolin-impregnated sponge was prefer-
ably used as packing material in 15 (48%) patients, since mid-
2013 by both surgeons. The kaolin-impregnated sponge was
exclusively used around the reconstructed aortic arch and
Damus-Kaye-Stansel anastomosis and left in situ until delayed
chest closure if necessary. There was no event of heart structure
compression by kaolin-impregnated sponge. Preoperative pro-
files and operative details were comparable between the oper-
ations with or without kaolin-impregnated sponge, and the
significant differences were longer aortic cross clamp time and
longer regional cerebral perfusion time in the operations with
kaolin-impregnated sponge. Table 1 summarizes the preopera-
tive profiles and operative details of the patients.

Operative Outcomes

The median dosages of the intraoperative packed red blood
cells, platelet concentrate, and cryoprecipitate were 262,
60, and 10 mL, respectively. Factor VII was given in ten
(32%) operations.

Two patients required an additional cardiopulmonary
bypass run to obtain adequate hemostasis; one of these patients
also required emergent mediastinal exploration. Five patients
required emergent mediastinal exploration in the first 48 hours
following Norwood operation; four of these patients had post-
operative bleeding and the fifth patient had supraventricular
tachycardia. Together, five patients (16%) had bleeding com-
plications (second cardiopulmonary bypass for hemostasis or
mediastinal exploration in the first 48 hours). All patients
received delayed chest closure at a median of 4 days (2, 6 days)
after Norwood operation and had postoperative mechanical
ventilation for a median of 8 days (7, 13 days). All but one
patient were discharged home with median hospital stay of
62 days (48, 86 days).

Factor VII was used less frequently in the operations with
kaolin-impregnated sponge (13% vs 50%; P = .029), and the
use of intraoperative platelets, cryoprecipitate, and factor VII
was significantly lower in the operations with kaolin-
impregnated sponge compared to those without (55mL,
10 mL, and 0 pg/kg vs 72 mL, 15 mL, and 45 pg/kg; P =
.03, .021, and .019), respectively. The incidence of bleeding
complications was significantly lower in the operations with
kaolin-impregnated sponge (0% vs 31%; P = .043). The intu-
bation time was significantly shorter in the operations with
kaolin-impregnated sponge (eight vs ten days; P = .049). How-
ever, the postoperative mortality rate and hospital stay length
were not significantly different between the operations with or
without kaolin-impregnated sponge (6.7% and 65 days vs 0%
and 60 days; P = .48 and .94), respectively. There were no
thromboembolic events except in one surgery; in this sole oper-
ation, a central line—related right atrium thrombus occurred
when kaolin-impregnated sponge was not used. Table 2 pro-
vides the details of operative outcomes.

Logistic Regression Model

A logistic regression model with Firth’s penalized likelihood
approach showed that the nonuse of kaolin-impregnated
sponge and longer aortic cross clamp time were associated with
perioperative bleeding complication in univariable model
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Table 2. Operative Outcomes.?

Operations Without
Kaolin-Impregnated

Operations With
Kaolin-Impregnated

Variables All Operations (n = 31) Sponge (n = 16) Sponge (n = 15) P Value
Post-bypass packed red blood cell volume, mL 262 (168, 284) 268 (238, 295) 252 (0, 276) .093
Platelet volume, mL 60 (50, 80) 72 (60, 86) 55 (42, 74) .03
Cryoprecipitate volume, mL 10 (10, 20) 15 (10, 20) 10 (10, 10) .021
Factor VIl use 10 (32%) 8 (50%) 2 (13%) .029
Factor VII, pg/kg 0 (0, 90) 45 (0, 180) 0 (0, N/A) .019
Bleeding complication 5 (16%) 5 (31%) 0 (0%) .043
Open chest time, days 4 (2, 6) 54, 8) 3(2,5) .09
Thromboembolic event I (3.2%) I (6.3%) 0 (0%) 99
Intubation time, day 8 (7, 13) 10 (8, 18) 8(7,9) .049
Hospital stay, day 62 (48, 86) 60 (49, 83) 65 (46, 114) .94
Early mortality I (3.2%) 0 (0%) 1 (6.7%) A48

Abbreviation: N/A, not applicable.

*Variables were expressed as median (first quartile, third quartile) for continuous variables and as count (percentage) for categorical variables.

Table 3. Firth Logistic Regression Models.

Univariable Analysis Multivariable Analysis

Predictor Comparison OR (95% Cl) P Value OR (95% ClI) P Value
Kaolin-impregnated hemostatic sponge Yes versus No 0.067 (0.0005-0.69) .02 0.11 (0.0007-1.93) 13
Age | day 1.00 (0.95-1.03) .94

Weight | kg 0.12 (0.006-1.11) .063 0.071 (0.0005-0.84) .034
Surgeon M.l. versus T.S. 1.12 (0.08-163) .94

Pulmonary artery blood flow source RVPA versus shunt 0.28 (0.04-2.09) .20

Cardiopulmonary bypass time | minute 1.03 (0.99-1.07) 13

Aortic cross clamp time | minute 0.87 (0.75-0.96) .005 091 (0.77-1.01) .079

Abbreviations: Cl, confidence interval; OR, odds ratio; RVPA, right ventricle to pulmonary artery conduit.

(P = .02 and .005) and that only smaller body weight was
significantly associated with perioperative bleeding complica-
tion in multivariable model (P = .034; Table 3).

Comment

We introduced a newly developed kaolin-impregnated hemo-
static sponge (QuikClot) as post-bypass packing material to our
congenital cardiac surgeries with the hope of reducing perio-
perative bleeding. This retrospective study was conducted only
for the Norwood operation in order to have a meaningful com-
parison in a similar patient population who underwent uniform
operation. This study was the first report regarding kaolin-
impregnated sponge usage after operations with cardiopul-
monary bypass, and it was unique in that the outcomes were
assessed by the secondary outcomes from bleeding (intraopera-
tive blood products usage and bleeding complications) due to
the difficulty in measuring the actual blood loss. The study
outcomes are promising in that we had significant reduction
in the use of intraoperative blood products and the rate of
bleeding complications with kaolin-impregnated sponge. A
logistic regression model showed that nonuse of kaolin-
impregnated sponge was associated with bleeding complication

in univariable model. However, we did not observe the improve-
ment in early mortality or hospital stay, possibly due to the small
sample size.

Clinically, we currently use this sponge for the majority
of our congenital cardiac operations, and we observe that
use of this sponge is associated with reduced perioperative
bleeding complications in all patients including those with
extracorporeal membrane oxygenation support. However,
we are extremely careful not to have kaolin-contaminated
blood entering the patient’s blood stream or cardiopulmon-
ary bypass circuit through the pump sucker or intraoperative
cell salvage machine because this strong hemostatic mineral
may cause thromboembolism, clots in bypass circuit, or
acute shunt thrombosis.

The limitations of this study were its retrospective nature
and small sample size. The results from the logistic regression
model should be interpreted with caution.

In conclusion, use of the new kaolin-impregnated hemo-
static sponge (QuikClot) was associated with reduced blood
product use and perioperative bleeding complications with
the Norwood operation at a single institution. Further anal-
ysis will be necessary to confirm the effectiveness of this
sponge in larger cohort.
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