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8 © 2021 T
apid platelet function testing is frequently used to determine platelet function in patients with traumatic intracranial hemorrhage
(tICH). Accuracy and clinical significance of decreased platelet response detected by these tests is not well understood. We sought
to determinewhether VerifyNow and whole blood aggregometry (WBA) can detect poor platelet response and to elucidate its clinical
significance for tICH patients.
METHODS: W
e prospectively enrolled patients with isolated tICH between 2018 and 2020. Demographics, medical history, injury characteristics,
and patient outcomes were recorded. Platelet function was determined by VerifyNow and WBA testing at the time of arrival to the
trauma bay and 6 hours later.
RESULTS: A
 total of 221 patients were enrolled, including 111 patients on no antiplatelet medication, 78 on aspirin, 6 on clopidogrel, and 26
on aspirin and clopidogrel. In the trauma bay, 29.7% and 67.7% of patients on no antiplatelet medication had poor platelet response
on VerifyNow and WBA, respectively. Among patients on aspirin, 72.2% and 82.2% had platelet dysfunction on VerifyNow and
WBA. Among patients on clopidogrel, 67.9% and 88.9% had platelet dysfunction on VerifyNow and WBA. Patients with nonre-
sponsive platelets had similar in-hospital mortality (3 [3.0%] vs. 6 [6.3%], p = 0.324), tICH progression (26 [27.1%] vs. 24
[26.1%], p = 0.877), intensive care unit admission rates (34 [34.3%] vs. 38 [40.0%), p = 0.415), and length of stay (3 [interquartile
range, 2–8] vs. 3.2 [interquartile range, 2–7], p = 0.818) to those with responsive platelets. Platelet transfusion did not improve
platelet response or patient outcomes.
CONCLUSION: R
apid platelet function testing detects a highly prevalent poor platelet response among patients with tICH, irrespective of antiplatelet
medication use. VerifyNow correlated fairly with whole blood aggregometry among patients with tICH and platelet responsiveness
detectable by these tests did not correlate with clinical outcomes. In addition, our results suggest that platelet transfusion may
not improve clinical outcomes in patients with tICH. (J Trauma Acute Care Surg. 2022;92: 167–176. Copyright © 2021 The Author
(s). Published by Wolters Kluwer Health on behalf of the American Association for the Surgery of Trauma.)
LEVEL OF EVIDENCE: D
iagnostic tests, level II.
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latelet function testing; platelet transfusion; intracranial hemorrhage; brain injuries; traumatic.
A ntiplatelet medications, such as aspirin and clopidogrel, are
frequently used for prevention in patients with cardiovascu-

lar disease. However, these medications can lead to increased
bleeding in patients following traumatic injury. Use of antiplate-
let medication may be an independent risk factor for the devel-
opment of intracranial hemorrhage in patients presenting with
blunt head injury.1,2 It is, therefore, important to ascertain the
history of antiplatelet medication use, because it may affect patient
outcomes and guide clinical management. However, medication
history is frequently unknown in patients who present with trau-
matic brain injury (TBI) or cannot be determined in a timely
fashion. In addition, among patients who are known to take
antiplatelet medication, the proportion of “nonresponders”—
individuals who retain their platelet function even while on aspi-
rin or clopidogrel—can range from 5.5% to 45%.3

In an effort to more accurately and reliably determine plate-
let function in TBI patients, point-of-care (POC) platelet function
tests, such as VerifyNow (Instrumentation Laboratory, Bedford,
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MA), are commonly used.4–6 These tests allow for rapid determi-
nation of platelet inhibition due to antiplatelet medications and
can be used to guide management. Although developed and vali-
dated for use to monitor platelet responses of patients with cardio-
vascular disease on antiplatelet drugs,7,8 VerifyNow has also been
adopted for use in trauma patients.5 Trauma and TBI, in particu-
lar, frequently lead to platelet dysfunction.9–12 How this change in
platelet function after injury may impact the ability of VerifyNow
to detect antiplatelet medication and whether this POC assay can
detect endogenous decreased platelet response after trauma are
not known. Throughout the article, we describe platelets as “re-
sponsive” or “nonresponsive” with respect to their function in
response to stimulation by an agonist.

The objectives of this prospective observational study were
to (1) evaluate platelet response in patients with isolated traumatic
intracranial hemorrhage (tICH), using VerifyNow; (2) to evaluate
the diagnostic performance of VerifyNow, as compared with
whole blood aggregometry (WBA); (3) to evaluate the impact
of platelet and/or whole blood transfusion on platelet response,
as determined using VerifyNow and WBA; and (4) to examine
the impact of platelet responsiveness on clinical outcomes.

METHODS

Patient Population
Patients were prospectively enrolled at a Level I trauma cen-

ter between May 21, 2018, and July 30, 2020, in a consecutive se-
ries. The study was conducted in accordance with the “Standards
for Reporting Diagnostic accuracy studies” guidelines. Inclusion
criteria were: trauma system activation (any level), patient 18 years
or older, injury requiring head CT, head CT showed an intracranial
hemorrhage, head Abbreviated Injury Scale (AIS) score of 2 or
more and less than 2 for all other body regions (determined by
the members of the trauma team at the time of enrollment).
The study was conducted under waiver of consent as approved
alth on behalf of the American Association for the Surgery of Trauma.
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by the institutional review board at the University of Pittsburgh
(STUDY19020056). Exclusion criteria were: patients younger
than 18 years, pregnancy, presence of platelet dysfunction due
to underlying comorbid conditions (Bernard-Soulier syndrome,
Glanzmann thrombasthenia, Gray Platelet Syndrome, Delta Stor-
age Pool Deficiency, von Willebrand disease), patients on antico-
agulants (direct oral anticoagulants, such as apixaban, dabigatran,
rivaroxaban, edoxaban, and vitamin K anticoagulants, such as
warfarin, acenocoumarol, pheprocoumon, fluindione), and pa-
tients with moderate to severe injuries to other parts of the body
(AIS score, >1). Demographic information, injury information
(including time of injury), medical history, medication use, labo-
ratory values, initial CT head findings, repeat CT head findings,
blood product administration (platelet and whole blood transfu-
sion), and operative interventions were recorded. Decision to
transfuse platelets or whole blood was based clinical judgment
and routine practice of trauma surgery or neurosurgery teams
and occurred independent of platelet function testing performed
for research.
Platelet Function Testing
Platelet function testing using VerifyNow and WBA was

performed on all patients at the time of arrival to the trauma
bay (0 hour) and within 1 hour after platelet transfusion, or at
6 hours if the patient did not receive platelet transfusion. Clini-
cians were blinded to these research laboratories but may have
ordered platelet function testing separately as part of routine
clinical practice outside of the study. All patients were tested
using VerifyNowAspirin Platelet Reactivity Test (VNA) (Instru-
mentation Laboratory, Bedford MA) to detect decreased platelet
response due to aspirin and VerifyNow PRUTest Platelet Reac-
tivity Test (VNP) (Instrumentation Laboratory, Bedford, MA)
to detect decreased platelet response due to P2Y12 inhibitors.
Per manufacturer's guidelines, platelets were considered nonre-
sponsive due to aspirin if the Aspirin Reaction Unit (ARU) index
was less than 550 on VNA. Platelets were considered nonresponsive
due to clopidogrel if P2Y12 Reaction Unit (PRU) index was less
than 220 on VNP. This cutoff was chosen based on existing lit-
erature.13Whole blood aggregometry (ChronoLog Corporation,
Havertown, PA) was used to determine platelet function in re-
sponse to 0.5 mM of arachidonic acid (AA) and 5 μM of aden-
osine diphosphate (ADP). Platelets were considered nonrespon-
sive due to aspirin if WBA amplitude in response to AAwas less
than 6 Ohms.14 Platelets were considered nonresponsive due to
clopidogrel if WBA amplitude in response to ADP was less than
5 Ohms.15–17 Results of VNA and VNP were available to the
performers of WBA at the time of testing.
Clinical Outcomes
Mortality was defined as death while in-hospital. Progres-

sion of tICHwas defined as either expansion of an existing tICH
on repeat head CTor as appearance of an additional tICH on re-
peat head CT. Progression of intracranial hemorrhage was adju-
dicated by the attending radiologist as part of standard clinical
care and in accordance with local guidelines. Admission to inten-
sive care unit (ICU), length of ICU stay (in days), total hospital
stay (in days), and discharge location were noted.
© 2021 The Author(s). Published by Wolters Kluwer Health on behalf of th
Statistical Analysis
The presence of poor platelet response in tICH patients

(objective 1) was determined using descriptive statistics. Data of
continuous variables are summarized as median and interquar-
tile range (IQR). With consideration of relatively small sample
size and multigroup comparisons, differences between any two
groups were tested using the nonparametric Wilcoxon rank
sum test. Differences between more than two groups were tested
using the nonparametric Kruskal-Wallis test and followed by
post hoc testing using Dunn's test. Categorical variables summa-
rized using Fisher's exact test. Classification methods using
2� 2 contingency tables were used to generate sensitivity, spec-
ificity, positive predictive values (PPV), and negative predictive
values (NPV) to quantify the diagnostic performance of VNA
and VNP (objective 2) at the time of admission. Whole blood
aggregometry with AA was used as reference for VNA and
WBA with ADP was used as reference for VNP. The internal
consistency was checked using Cronbach's alpha and interrater
reliability was tested using κ statistics. Univariate regression with
multivariate adjustment was used to compare between treatment
groups according to patients' outcomes reporting odds ratios,
95% confidence intervals and p values (objective 4). All tests
were of two-sided nature, and a p value less than 0.05 was consid-
ered statistically significant. Competing-risk survival regression
was performed to adjust for death as a competing event. Statistical
analyses were conducted using Stata (version 12) College Station,
Texas: StataCorp LP.

Patients who were missing results of VNA, VNP, WBA
with AA or WBAwith ADP at one or both timepoints were ex-
cluded only from the analyses that used these results. For exam-
ple, if patients were missing the results WBA with AA, they
were excluded from diagnostic accuracy analyses and analyses
that stratified byWBAwith AA but are included in analyses that
stratify by VNA and VNP. All the missing test results were either
due to technical issue while performing the assay or enrollment
error by research staff where an assay was not performed.

The study sample sizewas determined to detect a presumed
change in VNA and VNP after platelet transfusion, as well as lit-
erature precedent for standard deviation for these assays.5,18 For
90% power, alpha 0.05, a sample size of 45 patients postreversal
would be required, necessitating 110 patients on antiplatelet ther-
apy anticipating a 41% reversal rate based on a review of our in-
stitutional practice over the preceding 2 years.

RESULTS

Patient Population
A total of 223 patients were enrolled and 221 participants

were eligible for final analysis (Fig. 1). One hundred elevenwere
on no antiplatelet medication, 78 were on aspirin, 6 were on
clopidogrel and 26 were on both aspirin and clopidogrel. Of pa-
tients on aspirin, 5 were taking 325 mg daily, 10 were taking an
unknown dose, and the rest were taking 81 mg daily. Demographic
characteristics, injury information, pertinent admission laborato-
ries, and transfusion information are shown in Table 1. The median
age was 69 years (IQR, 56–78 years) and 120 (54.3%) were
women. Patients on aspirin, clopidogrel or both were older. One
hundred fifty-eight (71.5%) patients had their initial head CT per-
formed at an outside hospital and presented to our institution as a
e American Association for the Surgery of Trauma. 169



Figure 1. Flow of study participants.
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transfer. Glasgow Coma Scale (GCS) score on arrival and Injury
Severity Score (ISS) were similar for all patients. Lower hemoglo-
bin levels were seen in patients on clopidogrel (median, 12.1 g/dL;
IQR, 11.6–13.2 g/dL) and aspirin and clopidogrel (median, 12.7 g/dL;
IQR, 11.2–14.2 g/dL) compared with patients on no antiplatelet
medication (median, 13.9 g/dL; IQR, 13.0–15.0 g/dL). Platelet
count, international normalized ratio (INR) and activated partial
thromboplastin time were similar between all groups. Patients
on no antiplatelet medication were less likely to receive a platelet
or whole blood transfusion (8.1% for no antiplatelet group vs.
19.2% for aspirin only, 33.3% for clopidogrel only, and 42.3%
for the aspirin and clopidogrel groups; p = 0.025) and had sim-
ilar rates of operative intervention. Patients on antiplatelet med-
ication had significantly more cardiovascular comorbidities (Sup-
plemental Table 1, http://links.lww.com/TA/C166). TheAIS scores
of different body regions were determined and confirmed isolated
head injury pattern for all of the study patients (Supplemental
Table 2, http://links.lww.com/TA/C167).

Diagnostic Performance of VerifyNow Aspirin and
VerifyNow PRUTest

Platelet function testing was successfully performed on
194 (87.8%) participants. For patients on aspirin, VNA revealed
that 70 of 97 (72.2%) and 58 of 90 (64.4%) had nonresponsive
platelets at 0 and 6 hours, respectively, while WBAwith AA as
agonist revealed 74/90 (82.2%) and 71/83 (85.5%) to have non-
responsive platelets at 0 hour and 6 hours (Figs. 2A and B). For
170 © 2021 The Author(s). Published by Wolters Kluwer He
patients on clopidogrel, VNP revealed that 19 of 28 (67.9%) and
14 of 25 (56.0%) had nonresponsive platelets at 0 hour and
6 hours, respectively, and WBA with ADP as agonist revealed
24 of 27 (88.9%) and 21 of 24 (87.5%) to have nonresponsive
platelets at 0 hour and 6 hours (Figs. 2C and D). The sensitivity,
specificity, PPV, andNPVofVNA to detect poor platelet response
at the time of presentation to the trauma bay, in patients whowere
taking aspirin, were 77.5%, 58.3%, 91.7%, and 30.4%, respec-
tively. The sensitivity, specificity, PPV, or NPVof VNP for pa-
tients taking P2Y12 inhibitors could not be determined because
of lack of cases that showed nonresponsive platelets on both
VNP and WBAwith ADP. The kappa statistic, used to measure
the degree of agreement, was 0.259 for VNA andWBAwith AA
indicating “fair” agreement19 and −0.24 for VNP andWBAwith
ADP, indicating significant disagreement between tests.
Poor Platelet Response in Patients WhoWere Not
Taking Antiplatelet Medication

Among patients on no antiplatelet medication, the preva-
lence of nonresponsive platelets was 27 of 91 (29.7%) and 22
of 83 (26.5%) based on VNA at 0 hour and 6 hours, 67 of 99
(67.7%) and 55 of 92 (59.8%) based onWBAwith AA at 0 hour
and 6 hours, 21 of 82 (25.6%) and 17 of 78 (21.8%) based on
VNP at 0 hour and 6 hours and 69 of 98 (70.1%) and 50 of 90
(55.6%) based on WBAwith ADP at 0 hour and 6 hours (Sup-
plemental Fig. 1, http://links.lww.com/TA/C169).
alth on behalf of the American Association for the Surgery of Trauma.
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TABLE 1. Demographics, Injury Information, Laboratory Values and Transfusion Information of the Study Patient Cohort

All (N = 221)

No Antiplatelet
Medication

(n = 111), Group 0

Aspirin
Only (n = 78),

Group 1

Clopidogrel
Only (n = 6),
Group 2

Aspirin and
Clopidogrel

(n = 26), Group 3 p
Post hoc

Differences

Age 69 (56–78) 58 (40–70) 76.5 (68–84) 69.5 (67–72) 74.5 (66–78) 0.0001 0 vs. 1: p < 0.0001, 0 vs.
3: 0.0001,

Sex (female) 120 (54.3) 66 (59.5) 40 (51.3) 2 (33.3) 12 (46.2) 0.364 —

Time from injury to trauma
bay (min)

278 (121–624) 276 (103–629) 239 (119–539) 238 (233–808) 346 (238–670) 0.385 —

Initial head CT at OSH 158 (71.5) 73 (65.8) 58 (74.4) 6 (100) 21 (80.8) 0.152 —

GCS on arrival 15 (14–15) 15 (14–15) 15 (14–15) 15 (12–15) 15 (13–15) 0.977 —

ISS 10 (9–20) 10 (9–20) 10 (9–17) 10.5 (5–14) 16.5 (9–25) 0.196 —

SAH 103 (65) 48 (65.8) 38 (64.4) 2 (40) 15 (75) 0.533

SDH 78 (49.7) 42 (57.5) 23 (24) 4 (80) 9 (45) 0.092

IVH 12 (7.6) 3 (4.1) 8 (13.6) 4 (80) 1 (5) 0.218

IPH 20 (12.7) 9 (12.3) 10 (16.7) 0 (0) 1 (5) 0.580

EDH 1 (1.4) 0 (0) 0 (0) 0 (0) 0 (0) 1.00

Current smoker 47 (22.6) 26 (25.2) 13 (17.3) 1 (16.7) 7 (29.2) 0.499 —

Platelet Count (�109/L) 214 (171–257) 214 (175–253) 216 (171–261) 231 (198–305) 202 (157–242) 0.719 —

INR 1.1 (1–1.1) 1.1 (1–1.1) 1.1 (1–1.1) 1.1 (1.1–1.1) 1.1 (1–1.2) 0.987 —

PTT (sec) 28.2 (26.1–30.7) 28.1 (26–30.4) 28.3 (26.1–31.2) 26.1 (26.1–29.6) 29.1 (26.2–31.8) 0.654 —

Hemoglobin (g/dL) 13.7 (12.5–14.8) 13.9 (13–15) 13.8 (12.4–14.6) 12.1 (11.6–13.2) 12.7 (11.2–14.2) 0.003 0 vs. 2: p = 0.0515, 0 vs.
3: 0.005, 1 vs.
2: p = 0.104

Creatinine (mg/dL) 0.9 (0.74–1.1) 0.9 (0.7–1) 0.9 (0.74–1.1) 1 (0.95–1.2) 1 (0.75–1.3) 0.623 —

Platelets/WB given (Y) 37 (16.7) 9 (8.1) 15 (19.2) 2 (33.3) 11 (42.3) 0.0001 0 vs. 1: p = 0.028, 0 vs.
3: p < 0.0001, 1 vs.

3: p = 0.034

Type of blood product 0.025

Platelets 31 (83.8) 5 (55.6) 14 (93.3) 2 (100) 10 (90.9)

Whole blood 4 (10.8) 4 (44.4) 0 (0) 0 (0) 0 (0)

Both 2 (5.4) 0 (0) 1 (6.7) 0 (0) 1 (9.1)

Quantity of blood product 0.548 —

1 Unit 17 (46) 3 (33.3) 8 (53.3) 2 (100) 4 (36.4)

2 Units 18 (48.6) 5 (55.6) 7 (46.7) 0 (0) 6 (54.5)

3 Units 2 (5.4) 1 (11.1) 0 (0) 0 (0) 1 (9.1)

Operative intervention 25 (11.3) 13 (11.7) 6 (7.7) 1 (16.7) 5 (19.2) 0.299

Data are reported as median (IQR), or percentage.
OSH, outside hospital; SAH, subarachnoid hemorrhage; SDH, subdural hematoma; IVH, intraventricular hemorrhage; IPH, intraparenchymal hemorrhage; EDH, epidural hematoma; PTT,

partial thromboplastin time; WB, whole blood.
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Impact of Platelet and/or Whole Blood
Transfusion on VNA, VNP, and WBA Results

For patients on aspirin who received platelets or whole
blood, median (IQR) VNA was 488 (434–551) and 519 (454–
568) before and after transfusion, respectively (p = 0.095), while
WBAwith AAwas 0.2 (0–0.6) and 0.2 (0.2–1.0) (p = 0.928). For
patients on clopidogrel who received platelets or whole blood,
median (IQR) VNP was 155 (134–250) and 189 (134–251) be-
fore and after transfusion, respectively (p = 0.053), while WBA
with ADP was 0.2 (0.2–1.4) and 0 (0–7) (p = 0.555) (Fig. 3).
Our results, therefore, indicate a trend toward better platelet re-
sponse following transfusion, which is not statistically significant.

Impact of VNA-, VNP-, and WBA-Diagnosed Poor
Platelet Response on Clinical Outcomes

In our study cohort, 14 (6.3%) patients suffered in-hospital
mortality with 4 (1.8%) dying within the first 24 hours. Fifty-six
© 2021 The Author(s). Published by Wolters Kluwer Health on behalf of th
patients (26.2%) had tICH progression, and 58 (27.2%) were
discharged with neurologic impairment. A total of 83 (37.6%)
of patients were admitted to the ICU with median (IQR) length
of ICU stay being 3 days (1–6). Median (IQR) total hospital stay
was 3 days (2–7). One hundred twenty-three (55.7%) patients
were discharged home, 42 (19.0%) to skilled nursing facility,
39 (17.7%) to TBI rehabilitation program, 2 (0.9%) left against
medical advice, and 1 (0.45%) was transferred to inpatient psy-
chiatric ward.

Outcomes were stratified by responsive and nonrespon-
sive platelets and are summarized in Table 2. Importantly, there
were no significant differences in any clinical outcome between
patients in either group. These results are consistent when com-
paring responsive versus nonresponsive platelets in patients on
no antiplatelet medications (Supplemental Table 3, http://links.
lww.com/TA/C168). Among patients receiving aspirin, 24-hour
mortality (1/27 [3.7%] vs. 0/68 [0.0%], p = 0.290), in-hospital
mortality (2/27 [7.4%] vs. 1/68 [1.5%], p = 0.127), hemorrhage
e American Association for the Surgery of Trauma. 171
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Figure 2. VerifyNow aspirin, VerifyNow P2Y12, whole blood aggregometry with arachidonic acid and whole blood aggregometry with
ADP at the time of arrival in the trauma bay.

Figure 3. VerifyNow aspirin, VerifyNow P2Y12, whole blood aggregometry with arachidonic acid and whole blood aggregometry with
ADP before and after platelet transfusion.

Alvikas et al.
J Trauma Acute Care Surg

Volume 92, Number 1

172 © 2021 The Author(s). Published by Wolters Kluwer Health on behalf of the American Association for the Surgery of Trauma.



TABLE 2. Clinical Outcomes Stratified by VerifyNow and WBA

Nonresponsive
Platelets on

VerifyNow, n = 100

Responsive
Platelets on

VerifyNow, n = 95 p

Mortality at 24 h 1 (1.0) 1 (1.1) 1.00

In-hospital mortality 3 (3.0) 6 (6.3) 0.324

Hemorrhage progression 26 (27.1) 24 (26.1) 0.877

ICU admission 34 (34.3) 38 (40) 0.415

ICU stay for those admitted (d) 2.5 (1–5) 3 (1–7) 0.482

Total hospital stay (d) 3 (2–8) 3.2 (2–7) 0.818

D/c other than home 46 (46.5) 38 (40) 0.387

Nonresponsive
Platelets on

WBA, n = 145

Responsive
Platelets on
WBA, n = 49

Mortality at 24 h 3 (2.1) 0 (0) 0.572

In-hospital mortality 7 (4.9) 3 (6.1) 0.716

Hemorrhage progression 40 (28.4) 8 (17.4) 0.139

ICU admission 52 (36.1) 18 (36.7) 1.00

ICU stay for those admitted (d) 3 (1–6) 3 (1–9) 0.203

Total hospital stay (d) 3 (2–7.3) 3 (2–5.6) 0.638

D/c other than home 65 (45.1) 21 (42.9) 0.868

Data are reported as median (IQR), or percentage.
This table includes patients on aspirin, clopidogrel and patients on no antiplatelet med-

ication. Patients with nonresponsive platelets on either VNA or VNP (or both) are counted as
nonresponsive. Patients with responsive platelets on both VNA and VNP are counted as re-
sponsive. Similarly, patients with nonresponsiveWBAwith AA orWBAwith ADP result are
counted as nonresponsive while patients with responsive platelets on both WBAwith AA or
WBAwith ADP are counted as responsive.

D/c, discharge.
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progression (4/27 [14.8%] vs. 16/68 [23.5%], p = 0.347), admis-
sion to ICU (10/27 [37.0%] vs. 20/68 [29.4%], p = 0.528), ICU
length of stay (LOS) (2.5 vs. 3 days, p = 0.971), total hospital
LOS (4 vs. 3 days p = 0.853), or discharge other than home
(17/27 [63.0%] vs. 32/68 [47.1%], p = 0.204) were not different
between responsive and nonresponsive platelet groups as mea-
sured by VNA. When measured by WBA with AA among the
same patients, 24-hour mortality (0/15 [0.0%] vs. 1/74 [1.4%],
p = 1.000), in-hospital mortality (2/15 [13.3%] vs. 2/74
[2.7%], p = 0.085), hemorrhage progression (3/15 [20.0%] vs.
15/74 [20.2%], p = 0.981), admission to ICU (7/15 [46.7%]
vs. 22/74 [29.7%], p = 0.149), ICU LOS (3 vs. 3 days,
p = 0.791), total hospital LOS (3 vs. 3 days, p = 0.873), or dis-
charge other than home (10/15 [66.7%] vs. 38/74 [51.4%],
p = 0.245) were not different between responsive and nonre-
sponsive platelet groups. Among patients receiving clopidogrel,
24-hour mortality (0/9 vs. 0/18), in-hospital mortality (1/9
[11.1%] vs. 2/18 [11.1%], p = 0.963), hemorrhage progression
(2/9 [22.2%] vs. 2/18 [11.1%], p = 0.444), admission to ICU
(3/9 [33.3%] vs. 9/18 [50.0%], p = 0.673), total hospital LOS
(4 vs. 4 days, p = 0.700), or discharge other than home (6/9
[66.7%] vs. 10/18 [55.6%], p = 0.661) were not different be-
tween responsive and nonresponsive platelet groups as measured
by VNP. Intensive care unit LOS was significantly higher in pa-
tients with responsive platelets (6 vs. 2 days, p = 0.027). When
measured by WBA with ADP among patients on clopidogrel,
24-hour mortality (0/3 vs. 0/24), in-hospital mortality (1/3
[33.3%] vs. 2/24 [8.3%], p = 0.194), hemorrhage progression
© 2021 The Author(s). Published by Wolters Kluwer Health on behalf of th
(0/3 [0.0%] vs. 3/24 [12.5%], p = 0.595), admission to ICU
(3/3 [100.0%] vs. 9/24 [37.5%], p = 0.085), ICU LOS (2 vs.
3, p = 1.000), total hospital LOS (5 vs. 3, p = 0.534), discharge
other than home (3/3 [100.0%] vs. 12/24 [50.0%], p = 0.238)
were not different between responsive and nonresponsive plate-
let groups.

Univariate outcomes of patients who received either plate-
let transfusion or whole blood transfusion are compared with
outcomes of patients who did not (Table 3). Patients who received
a transfusion had similar rates of hemorrhage progression (odds
ratio [OR], 3.31; 95% confidence interval [CI], 0.99–11.03;
p = 0.052) and significantly higher rates of admission to ICU
(OR, 7.60; 95% CI, 2.02–28.60; p = 0.003) compared with
patients who did not, after adjusting for age, sex, time be-
tween injury and arrival to the trauma bay, GCS score on ar-
rival, AIS head score, preinjury use of aspirin, preinjury use
of clopidogrel, platelet count, INR, and creatinine on a multi-
ple logistic regression model. Because of the possibility that
some of the patientsmay have sufferedmortality prior to experienc-
ing the measured outcomes, we performed competing-risks re-
gression modeling for ICU admission and prolonged hospital
LOS (dichotomized using median as the cutoff ). After adjusting
for age, ISS, trauma bay GCS, and time between injury and pre-
sentation to our hospital, we found that patients with nonrespon-
sive platelets as detected by VerifyNow had similar ICU admission
rates (subdistribution hazard ratio [SHR] 1.29, 95% confidence
interval [95% CI] 0.77–2.15, p = 0.333) and prolonged LOS
rates (SHR, 1.33; 95% CI, 0.84–2.11; p = 0.226) compared with
patients with responsive platelets. When usingWBA to measure
platelet response, patients with nonresponsive platelets also had
similar ICU admission rates (SHR, 1.18; 95% CI, 0.70–1.99;
p = 0.539), and prolonged LOS rates (SHR, 1.14; 95% CI,
0.71–1.83; p = 0.60).

DISCUSSION

We demonstrate that poor platelet response is highly prev-
alent in patients with isolated tICH, regardless of their antiplate-
let medication status. Discrepancy between POC platelet function
measurement and laboratory-based aggregometrywas evident with
only fair correlation between VerifyNow and whole blood
aggregometry (Cohen's κ coefficient = 0.259)19 for patients with
tICH on aspirin. Strikingly, a substantial number of patients with
isolated TBI taking no antiplatelet agent demonstrated evidence
of poor platelet response on laboratory testing, with whole blood
aggregometry suggesting as many as 67.7% patients had inade-
quate response to agonists while the percentage was lower, yet
surprisingly prevalent at 29.7% with VerifyNow. However, al-
though significant impairment in platelet response is present
on both tests, the clinical significance of these results is unclear
as neither were strong predictors of outcome. Detection of poor
platelet response was not associated with risk of progression of
intracranial hemorrhage.

Platelets are one of the earliest responders to injury and
are essential to hemostasis. In patients with intracranial injury,
determining platelet function is critical to guide management
and holds, in principle, great promise to improve outcomes.
However, there is little evidence to support the use of the currently
used platelet function tests. In addition, traumatic injury and TBI
e American Association for the Surgery of Trauma. 173



TABLE 3. Clinical Outcomes Stratified by Whether Patients Who Were Aspirin or P2Y12 Inhibitor Received Platelet Transfusion

+ASA +Platelets
n = 26

+ASA −Platelets
n = 78 p

+Clopidogrel +Platelets
n = 13

+Clopidogrel −Platelets
n = 19 p

Mortality at 24 h 1 (3.85) 2 (2.56) 1.00 1 (7.69) 0 (0) 0.406

In-hospital mortality 4 (15.4) 3 (3.9) 0.064 3 (23.1) 1 (5.3) 0.279

Hemorrhage progression 7 (29.2) 16 (20.5) 0.375 3 (25) 2 (10.5) 0.350

ICU admission 20 (76.9) 16 (20.5) 0.0001 13 (100) 2 (10.5) 0.0001

ICU stay, d 3 (2–8) 3 (1.5–3) 0.292 2 (1–3) 5.5 (1–10) 0.862

Total hospital stay, d 7 (3–13) 3 (2–7) 0.007 7 (3–12) 2 (1–5) 0.018

Discharge other than home 20 (76.9) 37 (47.4) 0.009 12 (63.16) 7 (36.84) 0.003

Data are reported as median (IQR), or percentage.
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in particular are known to lead to significant platelet function de-
rangements12 but whether VerifyNow can reliably detect it is un-
known. Lastly, VerifyNow and other platelet function tests have
been integrated into clinical practice to guide platelet transfusion,
but two recent systematic reviews suggest that this practice may
not improve outcomes.20,21 In fact, a largemulticenter prospective
observational study suggests that taking antithrombotic medica-
tion may not worsen outcomes in TBI in a similar patient cohort
to the present analysis.2

In theory, testing platelet function of patients with tICH
upon arrival in the trauma bay is a reasonable strategy to shepherd
a valuable resource and improve outcomes. This approach may
also be useful to identify patients on aspirin or P2Y12 inhibitors
for whom medication history is not available at the time of pre-
sentation. However, results of VerifyNow in tICH should be
interpreted with caution because of high prevalence of poor
platelet response even for patients not on any antiplatelet medi-
cation. Presence of apparent antiplatelet effect of VerifyNow
does not necessarily identify a patient on antiplatelet medication.
The ability of VerifyNow to detect “endogenous” decreased plate-
let response to agonists after trauma may be a valuable asset of
the test; however, the clinical significance remains unclear as
discussed. The observation that VerifyNow has only moderate
correlation withWBA is not surprising. Several studies have found
that VerifyNow does not correlate well with light transmission
aggregometry22,23 or with multiple electrode aggregometry23

among healthy volunteers or patients with cardiovascular disease.
In this study, we demonstrate that VerifyNow has only fair correla-
tion among patients with tICH as well. However, it is equally pos-
sible thatWBAunderestimates platelet response in patients not tak-
ing antiplatelet agents, thus it is equally feasible that VerifyNow is a
more accurate predictor of poor platelet function. Importantly, nei-
ther the observation of poor platelet response on VerifyNow nor
WBA demonstrated an association with relevant clinical outcomes,
both for patients with antiplatelet medication use as well as for
those without. This supports the findings of a recent study of pa-
tients with minor injuries, where platelet inhibition as measured
by thromboelastography with platelet mapping was frequent with
no apparent impact on clinical outcome.24 Indeed, a recent review
highlights that decreased platelet aggregation may be a normal
physiologic response, and all ex vivo platelet function testing
may be flawed because of the absence of endothelium and flow
conditions.9 These results call into question the clinical significance
of a nonresponsive platelet finding on POC testing.
174 © 2021 The Author(s). Published by Wolters Kluwer He
In addition, platelet function testing has been used to guide
administration of antiplatelet effect reversal, such as platelet trans-
fusion or desmopressin. Although this is a common practice in
the care of trauma patients, most trauma centers have their own
highly heterogeneous protocols to direct clinicians. The practices
vary because no rigorous prospective study exists to address this
urgent clinical question. Studies investigating platelet transfusion
in patients on antiplatelet medication presenting with TBI have
yielded conflicting results.25–27 Strikingly, the results of our study
suggest that platelet transfusion may not be effective in improving
platelet function asmeasured byVerifyNoworWBA (Fig. 3, Sup-
plemental Figure 1, http://links.lww.com/TA/C169).

Our study has several limitations. First, we chose whole
blood aggregometry, which measures change in impedance as
the reference test for VerifyNow. Light transmittance aggregometry
in platelet-rich plasma is the classic assay for measuring platelet
function.28 Whole blood aggregometry is an updated version that
better replicates the in vivo platelet aggregation conditions by using
citrated whole blood, is technically simpler, is easier to standardize,
and is becoming the new criterion standard platelet function test.29

It is important to understand, however, that platelet function testing
is an emerging field with multiple dissimilar technologies being
used with ongoing, but incomplete, efforts toward a single stan-
dardized approach. Regarding measurement of tICH progres-
sion, our study protocol did not mandate a specific methodology
for assessing progression nor was this monitored for adherence,
which presents a limitation for assessing this outcome. It is also
important to note that while this study was powered to assess the
response to platelet transfusion, an a priori power analysis was
not done for all of the analyses performed and some of the find-
ings, such as no observed difference in clinical outcomes be-
tween patients with responsive and nonresponsive platelets,
may be limited by small sample size. Because only five patients
on aspirin were taking 325 mg daily, we are unable to determine
how a higher dose of aspirin affects platelet function and tICH
patient outcomes. It is also notable that a significant proportion
of patients in our study were transferred from an outside hospital
and therefore may have received interventions after their injury
but prior to arrival at our center that may impact the platelet func-
tion testing results. In addition, we observed lower than expected
rates of platelet transfusion in this cohort, and as such we were
underpowered to detect differences in platelet function testing
pretransfusion and posttransfusion. Lastly, antiplatelet medica-
tions are platelet inhibitors. VerifyNow is designed to detect
alth on behalf of the American Association for the Surgery of Trauma.
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platelet inhibition due to antiplatelet medication, which is not part
of normal posttrauma physiology. However, our results suggest
that VerifyNoworWBAmay be detecting the physiologic platelet
“exhaustion” or antiplatelet medication-induced “inhibition” and
we cannot distinguish between the two with the present assay.
Many clinical laboratories, including our own, will use words like
“inhibition” and “dysfunction due to presence of aspirin” in the
results interpretation, but the current findings suggest that this inter-
pretation may be incomplete. Whether lack of response to an ago-
nist after trauma is adaptive or maladaptive is a topic of debate.9

Future research needs to carefully examine several prac-
tices that have been adopted for use in traumawithout high qual-
ity evidence. First, while the present study describes the utility of
VerifyNow to guide platelet transfusion, there are additional
platelet function tests available in trauma care including
thromboelastography with platelet mapping. Similar prospective
studies elucidating the ability of thromboelastography with plate-
let mapping to detect platelet responsiveness and guide transfu-
sion in TBI are needed. Lastly, it is essential to also investigate
the impact of platelet transfusion on TBI patient outcomes in a ran-
domized controlled trial, as a recent reviewof the evidence suggests
that this therapymay have limited benefit.20 In addition, we believe
that development of new platelet function tests is urgently needed
to improve patient outcomes. These tests should focus on specific
aspects of platelet functionality that go beyond platelet aggregation
ex vivo, with particular attention to the more recently discovered
platelet functions, such as interactions with other blood cells,
as well as proinflammatory signaling. Viscoelastic and microfluidic-
based platforms may also provide more complete and relevant
information.

In conclusion, we find that VerifyNow and WBA detect
decreased platelet responsiveness among patients with tICH, ir-
respective of their use of antiplatelet medication. VerifyNow cor-
related fairly with whole blood aggregometry among patients
with tICH and poor platelet response detectable by these tests
did not correlatewith clinical outcomes. It is unclear which of these
two tests, if either, accurately detect endogenous posttraumatic
change in platelet function. In addition, results of this study suggest
that platelet transfusionmay not improve relevant clinical outcomes
in patients with tICH, further raising questions regarding the
best practice of platelet function testing.
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