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Objectives for session

. Review physiologic changes of pregnancy
. Discuss management of obstetric hemorrhage

. Describe utilization of resources in surveying
coagulopathy

. Characterize Rotational Thromboelastometry
(ROTEM) indices.
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Objectives for session

1. Review physiologic changes of pregnancy
2. Discuss management of obstetric hemorrhage

3. Describe utilization of resources in surveying
coagulopathy

I-tem, U-tem, but do we use ROTEM in Obstetrics???
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Emphasis on obstetric mortality

Maternal mortality rate,* by year — United States, 1900-1997
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" Emphasis on obstetric mortality
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Figure 2. Population-level, cause-specific proportionate pregnancy-related mortality for 1987-1990, 1991-1997, 1998-
2005, 2006-2010, and 2011-2013. Results are population-level and can be compared as absolute values.

Creanga. Pregnancy-Related Mortality in the United States. Obstet Gynecol 2017,

* Although hemorrhage is declining as the cause-specific for pregnancy-related
mortality in the United States, it remains the #1 threat to women’s health
worldwide
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Obstetric Hemorrhage remains an issue

Rate of severe maternal morbidity per 10,000 delivery
hospitalizations in United States
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* Although hemorrhage appears to be declining as the cause-specific for pregnancy-
related mortality in the United States, it remains the #1 threat to women’s health

worldwide
* Blood transfusion represents more than three-fourths of the severe maternal

morbidity in the United States (#1 cause when included with SMM/SOC) eDC.gov
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" Obstetric Hemorrhage remains an issue

Original Research

Postpartum Hemorrhage Trends and
Outcomes in the United States, 2000-2019

Chiara M. Corbetta-Rastelli, mn, Alexander M. Friedman, sn, smrsi, Nasim €. Sobhani, mp,
Brittany Arditi, mp, mscr, Dena Goffman, mp, and Timothy Wen, ymp, mrr

OBJECTIVE: To analyze temporal trends in and risk
factors for postpartum hemorrhage and to analyze the
association of risk faclors with postparium hemorrhage—
related interventions such as blood transiusion and
periparium hysterectomy.

METHODS: This repeated cross-sectional stedy ana-
hyzed delivery hospitalizations from 2000 Lo 2019 in the
MNational (Nationwide) Inpatient Sample. Trends analyses
were conducted using joinpoint regresion lo estimate
the average annual percent change (AAPC) with 95% Cls.
Unadjusted  and  adjusted  survey-weighted  logistic
regression  model were performed o evaluate the
relationship between postparium hemorrhage risk fac-
tors and likelihood of 1) posiparium bemorrhage, 2
postparium bemarrhage ihat requires blood transiusion,
and 3) peripartum hyslerectomy in the setting of post-
partum hemorchage, with unadjusted odds ratios and
adjusted odds ratios with 95% Cls as measures of
assodialion.

RESULTS: Of an estimated 76.7 million delivery hospital-
izations, 23 million (3.0%) were complicated by posi-
partum hemorrthage. From 2000 to 2019, the rate of
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postparium hemorthage increased from 27% o 4.3%
(AAPC 15%, 94% C1 1.7-3.5%). Over the stedy period, the
proportion of deliveries o individuaks with at least one
podpartum  hemorthage risk  factor  increased  from
TB6% o 26.9% (AAPC 1.9%, 95% CI 1.7-2.0%). Among
deliveries complicated by postpartum hemorrhage, blood
transiusions increased from 5.4% 1o 16.7% from 2000 lo
2011 and then decreased from 16.7% lo 126% from 2011
o 219, Periparium hysterectomy among hospitalized
individuals. with postparium hemorrhage increased from
1.4% 1o 2.4% from 2000 o 2009, did not change signifi-
cantly from 2009 Lo 2016, and then decreased significantly
froam 2.1% o 0.9% from 2016 10 2019 (AAPC - 27.0%, 95%
~35.2% lo — 17.6%). Rk factors associated with post-
partum hemaorthage and transfusion and hystereclomy in
the seiting of posiparium hemorrhage included priors
cesarean delivery with previa or placenta accreta, placenta
previa without prior cesarean delivery, and antepartum
hemorrhage or placental abruption.
CONCLUSION: Postpartum  hemorrhage and related
risk factors increased over a 20-year period. Despite
the increased postparium  hemorrhage rates, blood
transfusions, and hysterectomy rates decreased in recent
years.
(Dbstel Cynecol 2023,747:152-61)
DO T 700 A R OMNNMS T

ostpartum  hemorrhage is the leading cause of

maternal mortality worldwide,! and is a significant
cause of maternal mosbadity and moriality in the
United States** Risk factors for postpartum hemor-
rhage inchude clinical factors that lead to wterine atony
(prolonged wse of oxytocin, high panty, choroamndo-
nitis, general anesthesia] and uierine overdistention
(multiple gestations, polyhydramnios, macrosomia),
cesarean delivery, uterine fibrosds, and advanced
maternal age Many of these risk factors appear o

© 2022 by the Amavivan College q"mmn-uum and Graeoshpists, Pubdiched
by Wolters Klvwoer Flealth, dnc. AD rights esersod.
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be i ing on a population basia™*
A prior stedy that evaluated postpartum hemos-
rhage trends from 2001 0 2012 by usng the Natioaal

OBSTETRICS & GYNECOLOGY
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Fig. 2. Trends in postpartum hemorrhage (PPH) per
100,000 delivery hospitalizations by year over the 20-year
study period.
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Corbetta-Rastelli CM et al. Obstet Gynecol. Jan 2023
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Obstetric Hemorrhage remains an issue
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EXA

Health and Human
Services

Texas Maternal Mortality
and Morbidity Review
Committee and Department
of State Health Services Joint
Biennial Report 2022

Texas Department of
State Health Services

As Required by
Texas Health and Safety Code, Section
34.015

December 2022

This report covers a partial cohort for
maternal deaths that occurred in 2019.
DSHS will issue an update to the report

following final analysis of the 2019 cohort.

Figure G-6. Rate of Delivery Hospitalizations Involving SMM in Texas Associated
with Hemorrhage, by Race and Ethnicity, per 10,000 Delivery Hospitalizations,
2016-2020
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Texas Maternal Mortality and Morbidity Task Force Report, 2022
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Obstetric Hemorrhage remains an issue

Contributing | Contributing
Underlying Cause of Death as Cases Cases Factors Factors
determined by MMMRC* (Count) | (Percent) | (Count) (Average)

Hemorrhage (Excludes

lAneurysms or Cerebrovascular

. IAccident)
Texas Maternal Mortality
and Morbidity ReView Mental Health Conditions 9 17% 76 8.4
Committee and Department Emboli " - Thrombotic (Non- 6 12% 70 11.7
erebra
of State Health Services Joint
. . Tnjury 5 10% 27 5.4
Biennial Report 2022
ICardiovascular Conditions 4 8% 36 9.0
Infection 4 8% 32 8.0
As Required by Cancer 3 6% 4 1.3
Texas Health and Safety Code, Section
34.015 ICardiomyopathy 3 6% 26 8.7
- Total 51 300%** 7.6%%

EXA December 2022

Health and Human

Services This report covers a partial cohort for

maternal deaths that occurred in 2019.
DSHS will issue an update to the report
following final analysis of the 2019 cohort.

Texas Department of
State Health Services

Texas Maternal Mortality and Morbidity Task Force Report, 2022
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| Obstetric Hemorrhage remains an issue

88% of hemorrhage-related maternal deaths were preventable!

Figure C-1. Pregnancy-Related Death by the Six Leading Causes of Death, 2019 and 2020 (N=148).
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Pregnancy-related death is the death of a woman during pregnancy or within one year of the end preg y from a preg y complication, a chain of events Initiative
by pregnancy, or the aggravation of an lated condition by the physiologic effects of pregnancy.

Health and Human

Services September 1, 2024

Texas Department of
State Health Services

Texas Maternal Mortality and Morbidity Task Force Report, 2024

UT Southwestern
11 Medical Center



Physiologic changes
of pregnancy
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Physiologic changes of pregnancy

= [ncreased blood volume, Increased

erythrocyte mass
= Nadir effect of blood pressure

= Increased Stroke Volume, Increased
Heart Rate = Increased Cardiac
OQutput

= Alterations in hematologic indices

= I[ncreased glomerular filtration,

results in diminished serum creatinine

13
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Williams Obstetrics. 26t ed.
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I Cardiovascular adaptations
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Cardiovascular adaptations
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Cardiovascular adaptations
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Cardiovascular adaptations

Cardiac output (I/min)
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I Cardiovascular adaptations

Original Researc

OBSTETRICS

og.org

Cardiac magnetic resonance imaging to assess the impact
of maternal habitus on cardiac remodeling during pregnancy

Robert D. Stewart, MD; David B. Nelson, MD; Susan A. Matulevicius, MD, MSCS; Jamie L. Morgan, ML,
Donald D. Mcintire, PhD; Mark H. Drazner, MD, MSc; F. Gary Cunningham, MD

BACKGROUND: it is well known that the maternal cardiovascular

VW) as a marker of candiac remodefing, the 2 cohorts were

system profiound . Inierest
in understanding these changes has led investigaiors o use evolving
and increasingly sophisticaied technigues o study fhese changes,
most recently wifh 2-dimensional echocardiography. Despile its
clinical utility, echocardiography has Emitations, and cardiac magnefic
resonance imaging (CMAD has become increasingly used for evalua
tion of cardiac structure and function.

OBJECTIVE: We used CMRl to evaluae cardiac remodeding
according i materndl habius throughout pregnancy and
postpartum.

STUDY This was a | i study
of nuliparous women aged 18-30 years, without preexisting medical
conditions, conducted from October 2012 through December 2014,
Women were classified according to prepregnancy body mass index
(BM) as either normal BMI 18.5-24.9 ky/m) or overweight (BMI
25.35 kg/m). Al women underwent CMRl duing 5 epochs
throughout gestafion: 12-16 weeks, 26-30 weeks, 37-36 weeks, at
delivery, and 3 months' postpartum. Using left ventricular mass

RESULTS: There were 14 normal-weight (BMI22 2 +1.3) and 9 ower
weight (BM 29,1 £ 2.0) women who parficipaed in fhe study. Beginning at
26-30 weeks and cummmq to d!lwv L‘J'M of both normal-weight and

WOITEN herespactive
fist-fimester studies for each cohort (P < .001). LVM of b:lh oohors
retumed to et index valies by 3 months' postpartum. The geometic rafio
of LW i left venticutar end-dizsiolic vaume was t:ibut!ed and bt:h
nomal-weight and WOmen

throughout gestation, however this resaived by 12 wesks' posiparium.
CONCLUSION: There is substantial cardiac remodeling during preg
nancy with significant increases in LVM that are propartional to matemal
sme Left i geometric i in baoth nommal-

Women. in candiac ing rescived
by 3 months' postpartm

Key words: cardiac magnetic resonance imaging, cardiac remodeling,
concentric hyperiraphy, beft ventricular mass

Introduction

remodeling accrues across pregnancy pregnancy,™'®

Beawse of this, we

FIGURE 1
Left ventricular mass of normal
and overweight women

It is well known that the maternal with increasing cardiac mass. ™

cardiovascular system undergoes pro-
found alterations throughout pregnancy,
indudingincreased cardiacoutput, heart
rate, and plasma volime expansion.’”
Interest in understanding these changes
has led investigators to use evolving and
ingasingly sophisticated techniques
to study these changes, initially with
dye-dilution techmiques, then invasive
right-heart catheterization, to now

Despite its clinical utility, echocardi-
ography has limitations that indude
its wide interobserver and intrachserver
variability, necessary geometric as-
sumptions, and technical difficulty in
evaluating obese sub.em° " Over the
past decade, cardiac mag

designed the arrrent study to evaluate
changes in cardiac size according to
maternal habitus throughout pregnancy
and the postpartum period for both
normal-weight and overweight women,
A second aim of this study was to
determine the pattern of geometric

imaging (CMRI} has been shown to have
superior high-resolution imaging capa-
bilities free from the limitations of
D echocrd 112 Due to the

techniques of cardi ular

with  2-dimensi (2D}
echocardiography.™** With this latter
technology it was shown that in response
to these physidlogic changes, cardiac

(Cita this arficla as: Sewart RD, Nekon 08, Matdaicie.
SA, ot & Camfac magnefic msonance imaging o
s e impect of maemal hebits on camic
remodeling durng pegnancy. Am J Obstet Geml
207 Byolemeax-x e

0002937433600
© A6 [:IEME(IN’_ .II nmsreze'\ed

I ({suptrinr spatial resolution,
CMRI has become the gold standard
for assessment of regional and global
systolic function, myocardial vuhllt).
and evaluati n r(mmpln
heart disease.'™ "7
To date there haw been only a fow
reports that describe the CMRI in preg-
nant women. And although 2 recent
studies described CMRI findings in

leling spedfic to pregnancy.

Materials and Methods

This was a prospective, longitudinal
observational pilot study of nuliparous
pregnant women from October 2012
through December 2014, Approval was
obtained from the institutional review
board of the University of Texas South-
western Medical Center. The study
included nulliparous women aged 18-30
years of age with singleton gestations,
who had no current or chronic medical
disorders—specifically, they had no
hypcncmmn diabetes, or underlying

healthy preg women
with nonpregnant controls, neither

ddressed longitudinal changes across

ular disease. All women were
Sondmobiss, Hane, vesd ;ilkiél drugs,
and all abstained from alcohol during

18

MONTH 2016 American Joumal of Dbstetrics & Gynecology 1.61

Left ventricular mass (grams)

<0.001

120 1 | —e— Overweight
—e— Normal

110 <0.001
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70 v T
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26-30wks Delivery
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Stewart RD et al. AJOG. 2016
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Pro-coagulation Anti-coagulation

Coagulation factors, indicators Coagulation inhibitors,
of thrombin generation and mediators and indicators of
clot lysis inhibitors clot breakdown

Increased FIX
during
pregnancy
TAFI TAT complex
Prothrombin fragment 1 + 2
Variably
increase/decrease

or no overall change

Decreased

during Platelet count
pregnancy

Solomon et al. Br J Anes. 2008
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Table 1. Normal Nonpregnant and Third-Trimester Reference Ranges for Procoagulants

Nonpregnant Adult

Third Trimester

Antithrombin 11, functional (%) 70-130
D-dimer (micrograms/mL) 0.22-0.74
Factor V (%) 50-150
Factor VII (%) 50-150
Factor VIII (%) 50-150
Factor IX (%) 50-150
Factor XI (%) 50-150
Factor XII (%) 50-150
Fibrinogen (mg/dL) 233-496
Homocysteine (micromoles/L) 4.4-10.8
International normalized ratio 0.9-1.04
Partial thromboplastin time, activated (sec) 26.3-39.4
Prothrombin time (sec) 12.7-15.4
Protein C, functional (%) 70-130
Protein S, total (%) 70-140
Protein S, free (%) 70-140
Protein S, functional activity (%) 65-140
Tissue plasminogen activator (ng/mL) 1.6-13
Tissue plasminogen activator inhibitor-1 (ng/mL) 4-43
von Willebrand factor (%) 75-125

82-116
0.13-1.7
60-88
149-211
143-353
164-235
65-123
129-194
373-619
3.2-21.4
0.80-0.94
24.7-35.0
9.6-12.9
67-135
33-101
20-65
16-42
3.3-9.2
67-92
121-260

Data compiled from References 14-16.

Nelson DB et al. Obstet Gynecol 2022
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Table 1. Coagulation Parameters in the Nonpregnant and Pregnant States Stratified by First, Second, and
Third Trimesters'’

Coagulation Parameters Nonpregnant Adult 1st Trimester 2nd Trimester 3rd Trimester
D-dimer (micrograms/mL) 0.22-0.74 0.05-0.95 0.32-1.29 0.13-1.7
Factor (%)

Vv 50-150 75-95 72-96 60-88

VIl 50-150 100-146 95-153 149-211

VIII 50-150 90-210 97-312 143-353

IX 50-150 103-172 154-217 164-235

X1 50-150 80-127 82-144 65-123

Fibrinogen (mg/dL) 233-496 244-510 291-538 373-619
PTT, activated (sec) 26.3-39.4 24.3-38.9 24.2-38.1 24.7-35.0
Protein C, functional (%) 70-130 78-121 83-133 67-135
Protein S, functional activity (%) 65-140 57-95 42-68 1642
tPA (ng/mL) 1.6-13 1.8-6.0 2.4-6.6 3.3-9.2
tPA inhibitor-1 (ng/mL) 4-43 16-33 36-55 67-92

INR, international normalized ratio; PTT, partial thromboplastin time; tPA, tissue plasminogen activator.

Beware! Often electronic medical records do NOT register
pregnant patients for referent ranges of laboratory values

Cunningham FG, Nelson DB. Obstet Gynecol. 2015
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Case of obstetric
hemorrhage
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25-year-old G3P2 at term presents to triage...

Progress Notes Info

Progress Notes
Expand All Collapse All
OB Triage Assessment Note [ Hide copied text v

B s 2 25 year old woman with complaints off vaginal bleedlng since 3 amReports feeling

like she urinated on herself and noted a small amount of blood In e . "0 a pad and went
back to bed. Reports feeling her she urinated again about 15 minutes later and reports her pad full of blood.
Patient reports sexual intercourse over 2 weeks ago. Vaginal exam yesterday afternoon here in triage. Reports
good fetal movement. Denies contractions, leaking of fluid, headache, right upper quadrant pain, visual changes,
fevers, chills, nausea and vomiting. Patient denies history of domestic violence or concerns with verbal, physical
or emotional abuse.

Subjective:

Objective:

BP: 121/51 (07/10/17 0456), Pulse: 74 (07/10/17 0456), Temp: 36.7 °C (98.1 °F) (07/10/17 0456), Respiratory
Rate: 20 (07/10/17 0456)
Patient's last menstrual period was 10/25/2016 (exact date).

UT Southwestern
Medical Center
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OR PostOp Info

UL

OR PostOp
Staff C/S Operative Note O _ A
Stat primary low transverse cesarean section under my supervision. [] Hover for attribution information

| was present from the start of surgery and | participated during the critical and key portions of this procedure
which were the uterine incision, delivery of the infant and closure of the hysterotomy and any extensions and
was immediately available during the remainder of the procedure. There appeared to be abe a < 10% abruption
with clot most noticeable around the periphery of one side of the placenta.

UT Southwestern
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02 COMTEMT &RT
02 SAT ART
FOZ HE, ART
HEMOGLOBIM, BG

CORD BLOOD BG
o " PH COA 7.05

B. Fetal Umbilical Artery Acidemia &&= i

Fin

1. Fetal umbilical artery pH less than 70,
or base deficit greater than or equal to
12 mmol/L, or both, increases the probability
that neonatal encephalopathy, if present, had
an intrapartum hypoxic component; lesser
degrees of acidemia decrease that likelihood.

ACOG and AAP Task Force. Neonatal Encephalopathy and Neurologic Outcome. Reaffirmed 2019.
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Description of Operation: [ Hide copied text v
The patient was taken to the operating room where adequate anesthesia as described anove was obiained. A
vertical skin incision was made and carmed down to the fascia. The fascia was incised and the rectus muscles
separated in the midline. The pentoneum was entered and incised superiorly and inferiorly taking care to avoid
the bowel and bladder. A bladder blade was inserted and a bladder flap was created. A uterine incision was
made as descnbed above and the infant was delivered in the cephalic position. Mouth and nares were bulb
suctioned, the cord was clamped and cut, angthe ' ant was handed fo the pediatrician. The placenta was
delivered and the uterine cavity examined. as noted and closed with #1 chromic. The
uterine incision was closed in a running-lock Tasmmon w grmc.  The peritoneum was then reapproximated

with 2-0 chromic. The fascia was closed with 0-PDS suture aﬂd the subcutaneous tissue was reapproximated
with 3-0 plain gut suture. The skin was closed with 4-0 vicryl suture and a stenle dressing was applied.

UT Southwestern
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Timeline

= Admit 0800: 3 cm, vaginal bleeding report
»1518: Fetal bradycardia, STAT Cesarean called
= 1528 Delivery

»1533: Hemacue 10.4 g/dL, Uterine ATONY, 5 cm extension, abruption
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Does simulation improve clinical performance in

M) Chock for upcates |

management of postpartum hemorrhage?

Shena J. Dillon, MD; Whitney Kleinmann, MD; Yevgenia Fomina, MD; Bethany Werner, MD;
Steven Schultz, PharmD, MBA; Shannon Klucsarits, MD; Wilmer Moreno, MD;
Alexandra Butsko, BSN, RN, RNC-08; Donald D. Mcintire, PhD; David B. Nelson, MD

BACKGROUND: Although simulation is now widely used to improve
teamwork and communication, data demonsirating improvement in ciin-
ical outcomes are limited.

OBJECTIVE: This study aimad to examine the clinical performance and
outcomes associated with postpartum hemorrhage bacause of uterine
atory following the implementation of a multidisciplinary simulation

program.

STUDY DESIGN: This was a prospectve cbsarvational study of
response to postpartum hemorrhage because of uterine atony in an
academic medical center before {epoch 1: July 2017—June 2018) and
after (epoch 2: Juy 2019—Jure 2020) implementing a muitidisci-
pinary simuation program. A fotal of 22 postpartum hemorrhage
simulations were performed from July 2018 to June 2019 invohving
more than 300 nursing, obstetrical, and anesthesia providers. The
simulation program focused on managng postpartum hemorrhage
events and improving teamwork and communication of the multidis-
ciplinary teams. To evaluate the dlinical effecveness of the simulation
program, the primary outcome was response %o postpartum hemor-
rhage defined as the tme from the administason of wterotonic
medications fo transfusion of the first unit of blood in the first 12 hours
fallowing delivery, comparing epoch 2 to epech 1 folowing the
implementation of a simulation program. Stasstical analyss included
the use of the Pearson chi-square test, Wiloon rank-sum test,
Hodges-Lehmann statistic for differences, and bootstrap methods with
a Pwalue of <05 considered significant.

RESULTS: Between July 1, 2017, and June 30, 2018, there were
12,305 patients who delivered, of which 495 patients (4%) required
transfusion. Between July 1, 2019, and June 30, 2020, there were
12,414 patients who delivered, of which 480 patients (4%) required

transfusion. When isolating cases of postpartum hemorrhage because of
utering atory in both transiused groups, there were 157 women in the
presimulation group (epoch 1) and 165 women in the postsimulation group
fepoch 2), respectively. There was no difference in age, race, parity, or
perinatal outcomes between the 2 epochs Women in epoach 2 bagan
receiving blood products significantly earfier in the first 12 hours following
deltvery compared with women in epoch 1 (51 [range, 28—125] minutes
vs 102 [range, 32—320] minutes; P=005). In addition, there was a
significantly decreased variation in the time from the administration of
uterotonic medications to transfusion of blood in epoch 2 (P=.035).
Furthermare, women in epoch 2 had significantly lower estimated blood
kss than women in epoch 1 (1250 frange, 1000—1750] mL vs 1500
[range. 1000—2000] mL. P=.032).

CONCLUSION: The implementation of a muRidisciplinary simulation
program at a large academic center focusing on the management of
postpartum hemorrhage was associated with an improved clinical
response. Specifically, there were significantly faster times from the
administration of wierotonic medications to transfusion of blood,
decreased variance in the time from the administration of uterotonic
medications to transfusion of blocd, and lower estimated blood loss
following the implementation of a simulation program. Because delay in
freatment is a major cause of preventable matemal death in obstetrical
hemorrhage, the results in our study provided clinical evidence that
a smulation program may improve patient outcomes in such
emergencies.

Key words: biood loss, dinical outcomes, estmated bloed loss,
muitidscipinary, postpartum hemorrhage, pregnancy, simulation, trans-
fusion, uterctonic

Multidisciplinary simulation program improved
clinical response times to postpartum hemorrhage.

FIGURE 2
Time from administration of uterotonic to transfusion by epoch
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P=0.005
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Introduction

Hemorrhage continues to be one of the
leading causes of severe maternal
morbidity and mortality for women in
the United States and worldwide.'”
Following national attention on
maternal mortality, the Alliance for

Cite this article as: Dilon SU. Ksiomana W, Feming ¥,
e 3l Does smulasion improve clinical performance in
management of posiparium hemorthage? Am J Obistet
Gynecol 2021:225:435.21-8

00029378836 00
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Click Yideo under article
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Innovation on Maternal Health (AIM)
developed several safety bundles that
hospitals could implement to address
maternal mortality and morbidity,
which included a hemorrhage bundle.”
The development of safety bundles,
along with the Preventing Maternal
Deaths Act of 2018, prompted several
states to form Maternal Mortality and
Morbidity Review committees 1o assess
which bundles were likely to make the
most impact on their state’s maternal
morbidity and mortality rates.”’ When
California reviewed their maternal
mortality cases, they found that 95% of
deaths due to hemorrhage had some
chance of being prevented and 70% of

deaths due to hemorrhage had a good
to strong chance of being prevented.”
When analyzing potential pitfalls, they
found delay in diagnosis and delay in
treatment as 2 of the most common
problems that led to mismanagement
of hemorrhage. Similarly, the state of
Texas formed a Maternal Mortality
and Morbidity Task Force and found
that hemorrhage was 1 of the top 3
preventable causes of death in women
in Texas from 2012 1o 2015. More
than 50% of deaths due to hemor-
rhage among these women were
classified as being somewhat likely or
very likely to have been prevented,
and they found similar causes of

OCTOBER 2021 American Journal of Obstetrics & Gymecokgy 435.01

Time uterotonic to blood (min)

Epoch

Dillon et al. Postpartum hemorrhage simulation. Am ] Obstet Gynecol 2021.

Dillon SJ et al, AJOG 2021
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Timeline

= Admit 0800: 3 cm, vaginal bleeding report
»1518: Fetal bradycardia, STAT Cesarean called
= 1528 Delivery

= 1533: Hemacue 10.4 g/dL

*1612: Hemacue 8.5 g/dL

UTSouthwestern
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Obstetric Hemorrhage Checklist

Cixmplete all steps in prior stages plus current stage regardless of stage in which the patient presents.

Postpartum hemorrhage is defined as cumulative blood loss of greater than or equal to 1,0006mL
of blood loss accompanied by signs or symptoms of hypovelemia within 24 hours. However,

bload less ssooml in & vaginal delivery is abaormal, and should be investigated and managed
as outlined in Stage 1.

RECOGRITION:

O Call for assistance (Obstetric Hemorhage Team)

[ Checklist reader) ecorder
[ Wital signs

O Primary RN
[ Determine stage

Designate: O Team leader

Arnounce: [ Cumulative bload loss

STsE 1: Blood loss »100oml after delivery with normal vital signs and lab values. Vaginal delivery

soo-goeml should be treated as in Stage 1.

IMITIAL STEPS: . .

L Ensure 166 ar 86 1 Access :u-u.cu.r:igiuu 5D-:1-:|un-ur|1L solution

[ increase IV Fluid lerystalloid without exybacin)

O Insert indwelling urinary catheter Methylergomavine (Methergine):

[ Fundal 0.2 milligrames M (may repeat];
undal massage i i iy

MEDICATIONS: 15-methyl PGF o (Hemabate, Carboprost):
[ Ensure appropriate medicatians given patient history
[ Increase oxytocin, additional uterotanics

with cawtion with hypertension
Misoprestol (Cytotec):

Boe-1000 micragrams PR

Boo micragrams PO or 800 micrograms SL

BLooD BaME:

[ Confirm active type and screen and
cansider crossmatch af 2 units PRECS

ACTIOM:

O Determine eticlagy and treat

(] Prepare OR, ifclimically indicated
loptimize visualization/examination)

Tone (i.e_, atany)

Trauma (i.=., |aceration)

Tissue (i.=., refained products)
Thrombin (.., coagulation dysfunction])

STacE 2: Continued Bleeding (EBL up to 150omL OR 2 2 uterotonics) with normal vital sig

O Mabilize additional help

[ Place znd I [16-28G)

[ Draw STAT labs (CBC, Coags, Fibrinogen)
D) Prepare OR Tramexamic Acid (TXA)
1 gram IV over 10 min (2dd 1 gram vial to
1eoml NS & give over 16 ming may be
repeated ance after 30 min)

MEDICATIONS:
[ Continue Stage 1 medicatians: consider TXA

BLooD BaME:

[ Obtain 2 units PRBCS (DO WOT wait far labs. Transhose per clinical signs/ symploms)

[ Thaw 2 units FFP

Possible interventions:

# Bakri balloon

= {ompression Suture/B-Lynch Suture
# Mevine artery ligation

* Hystereciomy

ACTIOMN:

[ For uterine atory ~ consider uterine ballsan
or packing, possible surgical intenrentions

[ Consider moving patient to OR

[ Escalate therapy with goal of hemostasis

Huddle and move to Stage 3 if continued blood loss and for abnormal ¥5 ’

EXAMPLE

240 micrograms M (may repeat i ges, minutes,
maximum 8 doses); Avold with asthma; use

STuGE 3: Continved Bleeding (EBL » igoaml OR » 2 RECs given OR at sk for sccult Meeding

coagulopathy OR any patient with abnormal vital signs, labs /oliguris)

IMITIAL STEPS:
[ Mabilize additional help
[0 Mave to OR
[ Anmaunce clinical status
[wital sigrs, cumulative blood lass, etialogy)
[ Outfine and cammunicate plan
MENCATIONS:
[ Continue Stage 1 medications; consider TXA
ELooD BAME:
O Initiate Massive Transfusion Protocol
[ clinical coagulapathy: add cryoprecipitate,
cansult far additional agents)
ACTIOM:
O ichieve heminstasis, intervention based an etiology

[0 Escalate interventians

Daytocin (Pitecn):

10-40 units per soo-1osaml solution
Methylergonovine (Methergine):
a2 milligrams IM (may repeat);
Avoid with hypertension

15-metkyl PGF.a (Hemabate, Carboprost):
250 micrograms IM

[may repeat in qa5 minules, maximum § doses)
Mvoid with asthma;

usewith caution with bypertension

Misoprostol (Cytotec):
Sop-1000 micragrams PR
Boo micragrams PO or Boo micrograms SL

Tramexamic Acid (TXA}

1 gram IV over 2o min (zdd « gram vial to 1eoml
K5 & give over 10 min: may be repested once
after 30 min)

Pocssible interventions:

# Bakri balloon

& Compression suture/B-Lynch suture
& Uterine artery ligation

* Hystersctomy

STAGE &: Cardiovascular Collapse [massive hemorrhage, profound hypovolemic shock, or amniotic

flusld embolism)

IMITIAL STEP:
[0 Mabilize additional resounces

MEMCATIONS:

O aLs

BLOOD BAME:

O simultaneaus aggressive massive transfusion

ACTIOM:

O immediate surgical intervention 1o enswne
hemostasis (hysterectomyl

Bevised September 2020

Safe Motherhood Initiative

Post- rrh M

# Determine disposition of patient

# Debaief with the whole obstetic cane team
# Debrief with patient and Family

+ Document

3 ACOG

Safe Motherhood Initiative 35‘.‘:&'&

Bevised September 2020

Andrikopoulou M, D'Alton ME. Seminars in Perinatology, 2019
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STAGE 1: Activate Hemorrhage Protocol

Clinical Trigger: CBL 2 500 mL vaginal / 2 1000 mL cesarean with continued bleeding or Signs of concealed
hemorrhage: VS abnormal or trending (HR 2 110, BP < 85/45, 02 sat < 95%, shock index 0.9) or Confusion

MOBILIZE

ACT

THINK

Primary nurse, Physician or
Midwife:

O Activate OB Hemorrhage
Protocol and Checklist
Primary nurse:

O Notify obstetrician or midwife
(in-house and attending)

O Notify charge nurse
O Notify anesthesiologist
Secondary nurse:

O Assist primary nurse as
needed or assign staff
member(s) to help

Primary nurse or designee:

cl

Ooa0o

Establish IV access if not present, at least 18 gauge
Increase IV oxytocin rate per hospital treatment guidelines
Increase fluids

Apply vigorous fundal/bi-manual massage

MOVE ON to 2™ level uterotonic if no response (see Stage 2 meds below)

O000a0

O

Vital Signs, including 02 sat & level of consciousness (LOC) g5 minutes
Record quantitative cumulative blood loss q5-15 minutes

Administer oxygen to maintain 02 sat at > 95%

Empty bladder: straight catheter or place Foley with urometer

Convert to high risk: Type and Crossmatch for 2 units PRBCs STAT (where
clinically appropriate if not already done)

Keep patient warm

Physician or midwife:

O
O

Bimanual massage

Careful inspection with good exposure: Rule out retained products of
conception, laceration, hematoma

Surgeon (if intra-op)

O

Inspect for uncontrolled bleeding at all levels, esp. broad ligament,
posterior uterus, and retained placenta

Consider
potential etiology:

e Uterine atony
* Trauma/laceration
* Retained placenta

* Amniotic fluid
embolism

e Uterine inversion
* Coagulopathy
* Placenta accreta

Convert to high risk
and take appropriate
precautions. Consider
type and cross 2 units
PRBCs where clinically
appropriate if not
already done.

Once stabilized:
Postpartum
management with
increased surveillance
and response readiness
assessment.

Triggers to Proceed to STAGE 2:
Continued bleeding w/ CBL < 1500 mL or VS remain abnormal

CMQCC OB Hemorrhage Toolkit V3.0 - Appendix B: Obstetric
Hemorrhage Care Guidelines: Checklist Format, published

UT Southwestern
Medical Center

2022



Parkland

Post PARTUM HEMORRHAGE (PPH)CHECKLIST

Initial Actions
O Call for assistance
O Response team to the bedside

O Brief: appoint leader, recorder, nursing roles

O Identify hemorrhage stage and document EBL &
interventions

= Delivering attending MD/CHM
= Primary RN
= Anesthesiologist

MNormal vital signs and lab values:

Blood loss = 500 mL vaginal - OR - blood loss = 1000 mL cesarean
Record V50, saturation every 5 minutes

Monitor cumulative blood loss

Insert foley catheter

Ensure IV access: 16 gauge if possible

Increase IV uid (orystalloid: estimated blood loss in 2:1 ratio without oxytocing
Fundal massage

Determine and treat etiology (4 T's - Tone, Trauma, Tissue, Thrombin)
Contact blood bank: type and crossmatch 2 units PRECs

Medications for Uterine Atony

[ i iy iy i S

Abnormal vital signs/labs/oliguria:

Continued bleeding EBL > 1500 mL OR > 2 units PRECs given OR patient at
risk for occult bleeding (post-cesarean) & DIC

O oOutline management plan + Serial re-evaluation + Communicate plans with
hemorrhage team

Q Transfusion <+ RBC-FFP-Platelets in a 6:4:1 ratio (active Massive Transfusion
Protocol - MTP) 4 If coagulopathic, add cryoprecipitate. Consider consultation for
alternative agents

O Identify etiology for bleeding (if still unclear)

O Rule out lacerations (exam), coagulopathy (labs), occult bleeding (imaging)

Oxytocin (Pitocin) 10-40 international unitsfliter intravenously, O Achieve | L ALE ik sabely, int ations based an etial
or 10 units IM if no IV access . -
Metinleaonowne 0.2 milligrams intramuscularly {may be repeated O Adopt additional measure {if poor response)
(Methergine) every 2-4 hours) N
15-methyl PGFzs 250 micrograms intramuscularly (may repeat STAGE Cardiovascular Collapse:
({Hemabate, Carboprost) every 15 minutes, maximum 8 doses) . N . . . .
v ol (Cytotec) TR T P — Ty 4 For Pﬂtll! nts with ta_rdm\rgscul?r collapse in setting of massive hemorrhage
d consider the following etiologies:
PPH O Profound hypovolemic shock (blood loss not replaced)

Normal vital signs and lab values:
Continued bleeding EBL up to 1500 mL OR any patient requiring

O AFE (sudden CV collapse followed by heavy uterine bleeding from uterine
relaxation and associated coagulopathy)

2 2 uterotonics
O Obtain 2nd IV access (16 gauge if possible) * Immediate surgical interventions to emsure hemostasis (hysterectomy) may
. 2 be necessary.
O STAT labs, with coags & brinogen . . P .
O Medications: inueinhedications Fiom 1 . fSlmuItanf__luus aggressive blood and factor rgpla::eme nt & I'!'\Edltal
. . g interventions initiated regardless of the patient’s coagulation status.
O Transfuse per dinical signsfsymptoms « Expediti h tasis is th lv sten that will T ival rates fo
+ Notify blood bank of OB hemorrhage, bring 2 units PRECs to bedside, thaw tr::pe- i |_?ys| EI':FIS :IS is the only step that will maximize survival rates for
2 units FFP. D0 NOT wait for labsl 12 LI ParLiems.
O For uterine atony + Consider uterine balloon or packing, possible surgical
interventions Post-Hemorrhage Management
O Consider moving patient to OR (better exposure, potential D&C) B Duhiiet with st o i
m ] Mﬂhllllzl! additional team members as necessary O Document after eam debriet
O Warming blanket

37

I Discuss interventions with patientfamily members
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Diagnosis of disseminated
intravascular coagulation

I

* Treat underlying disorder
* Restore blood volume

Suggestive disseminated Unequivocal disseminated
intravascular coagulation intravascular coagulation
(ISTH-DIC score <5) (ISTH-DIC score =5)
« Observe for worsening l i
» Serial surveillance « Specific treatment of + Continue circulatory support
disseminated intravascular * Replacement therapy if bleeding
coagulation or surgery
- Abruption: delivery - Fresh frozen plasma
- Amniotic fluid embolism: delivery - Cryoprecipitate
- Preeclampsia and HELLP - Whole blood
syndrome: delivery - Packed red blood cells
- Sepsis: antimicrobials, currettage,
debridement
- Acute fatty liver of pregnancy:
delivery
- Dead fetus: observe; possibly
heparin

Cunningham FG, Nelson DB. Obstet Gynecol. 2015

UTSouthwestern
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l . Fibrin=split products

; ¥ Ddimers

Plasminogen activator inhibitor |
Plasminogen activator inhibitor Il

Plasminogen

Cunningham FG, Nelson DB. Obstet Gynecol. 2015
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Timeline

= Admit 0800: 3 cm, vaginal bleeding report
»1518: Fetal bradycardia, STAT Cesarean called
= 1528 Delivery

= 1533: Hemacue 10.4 g/dL

*1612: Hemacue 8.5 g/dL

= 1612: Transfusion initiated, 2 units Packed Red Blood Cells
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Timeline

= Admit 0800: 3 cm, vaginal bleeding report

»1518: Fetal bradycardia, STAT Cesarean called

= 1528 Delivery

= 1533: Hemacue 10.4 g/dL

*1612: Hemacue 8.5 g/dL

= 1612: Transfusion initiated, 2 units Packed Red Blood Cells

" 1643: Cesarean delivery finished

UTSouthwestern
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Progress Notes

Maternal-Fetal Medicine Faculty [E] Hide copied text A
Labor and Delivery High-risk Unit

| was called to OR suite at approximately 1645 following emergent (] Hover for attribution information
cesarean delivery by L+D East team for fetal bradycardia and concern for

placental abrupﬂon Indlces of lab studies noted by Dr with elevated PTT of 46 at 1528. Delivery events

operatlve suite, ed per vagma arnved at approximately 1 . to OR .
segment atony. She had received 2 doses of Carboprost and been given 2 units of packed red blood cells.
Fundus with lower uterine segment atony with continued active bleeding. HR 90s-100s, BP 100s/70s, scant

concentrated urine in Foley catheter tubing.
MFM L+D West team assuming care of this case.
Hold transfer out of OR. Resuscitation to be conducted in OR suite as resources are most available. OB

UT Southwestern
Medical Center



Timeline

= Admit 0800: 3 cm, vaginal bleeding report

»1518: Fetal bradycardia, STAT Cesarean called

= 1528 Delivery

= 1533: Hemacue 10.4 g/dL

*1612: Hemacue 8.5 g/dL

= 1612: Transfusion initiated, 2 units Packed Red Blood Cells
" 1643: Cesarean delivery finished

=1645: MFM team Iin room

UT Southwestern
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How personality affects teamwork: a study in

multidisciplinary obstetrical simulation

Shena J. Dillon, MD; Whitney Kleinmann, MD; Angela Seasely, MD; Rebecca Ames, CNM;
Phyllis Dyess-Nugent, PhD, RN, WHNP-BC; Donald D. Mcintire, PhD; Blen Suen, DPA; David B. Neison, MD

BACKGROUND: Mutdiscpiinary simuation has been shown to
Improve Eamwork I the cbstetrical erature by providng a safe, but
realstc, environment for participants %0 leam. However, the impact of
team membérs’ personaity traits on how the team performs during an
obstetrical energency has not been sdudied in medicine.
OBJECTIVE: Our objctive was 10 evaluate teamwark and communi-
caton of smulation participants in association with personalty traits within
a muitidsciplinary cbstetrical simulation program.

STUDY DESIGN: This was a prospectve obesrvational study of
postparium hamarthage simulations imvolving participants from Obstet-
rics, Nursing. Midwiiery, and Anesthesia. Before simulation, individual
personalily lesting was performsd on partidpants using the Big Five in-
wventory. Each team was scored using the Clinical Teamwork Scale after
simulation. Communication and leamwork scores were evaluated for
associadion, and personallly trats were analyzed for associalion with
teamwork and communication. For each personality tralt, an interaction

model was tested for 3 of the team scores: teamwork, communication, and
siuatonal awareness. Analysis of variance with 2 level interacions was
used in this efiort.

RESULTS: From July 2018 1o June 2019, 22 cbstetrical simulations
were perlormed with a total of 270 staff. Overall, Seamwork was signifi-
cantly associated with communicaton for each team. When examining
Indvickal personality scores, neurobicism was negatvely associated with
®amwork when coupkéd with communication. That s, Increased
neuroicism was significanty assocated with increased communication
that was detrimental 0 the overall leamwark. Other parsonalily traits were
not significantly associated with seamwork and communication (P=.03).
CONCLUSION: In 3 mulicisciplinary simufation, communication was
poabvely assocated with teamwork, and spedfic personalty traits
negatively affecled team periormance.

Key words: communication, parsonality testing, simulation, teamwark

Introduction

scheduled simulations into hospital sys- Itidssciplinary rk

during

¥

In 2012, a joint statement was released
from several professional organizations
in women's healthcare defining quality
care on labor and delivery (L&D)." This
statement was endorsed by both the
American College of Obstetricians and
Gynecologists (ACOG) and the Soaety
for Maternal- Fetal Medicine in addition
to many other organizations that advo-
cate for women's health. Chief among
these recommendations was to improve
maternal and fetal outcomes in L&D by
fostering rk and ¢ ica-
tion. This was in response to the 2000
report from the Institute of Medicine
(now the National Academy of Medi-
cine) named To Err is Human, which
listed communication failure as a major
cause of medical errors.” In particular, a
recommendation of the joint statement
of 2012 was to incorporate larty

tems. The purpose of these simulations
was to educate and prepare unit staff for
unexpected emergencics. Because these
emergent clinical events can be rare,
smulation has served as a reliable and

high-stress situations.
There have been previous studies in
obstetrics that show simulation and team-
based training improve multdisciplinary

rk  and =

ation.'

repeatable platform for education. The
tionale for this dation was
that communication failures are espe-
cially prone to occur during emergencies
and contribute to most sentinel events.”
Simulation is becoming more preva-

However, there is a paucity of data on
how individual personalities affect
teamwork in medical settings. Looking
outside of medicine, the data are
conflicted. Virgi et al”’ found that
conscientiousness was associated with

lent in medical education. 7 Initially,

this took the form of basic task trainers

to teach specific competencies on an

individual level.” More recently, there
ol

P d teamwork g psychology
students but that individual neuroti-
cism scores improved teamwork, which
is not what they had expected. In a

has been exp of to
indude team dynamics.” "' Team Stra-
tegies and Tools to Enhance Perfor-
mance and Patient Safety
(TeamSTEPPS), an evidenced-based set
of t k tools d inated by the

'

Cae this article as: Dficn SJ, Kenmam W, Seasely A
et 3 How perscruity aflects teamwerk 2 shudy n
mutdscpinay cheirtical ssulaton. Am J Obelet
Gymecd MAM 2021 2100303
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Department of Defense, provides a
framework for effective communica-
tion." """ The implementation of Team-
STEPPS icati hniques has
been shown to reduce the incidence of
obstetrical adverse events and improve
neonatal  resuscitation.'”™”  Team-
STEPPS implementation has also been
used in L&D units to improve

ilar study looking at manufacturing
workers, teams with members who
scored lower in neuroticism had higher
team performance.”* However, a meta-
analysis of Big Five personality data
and team performance that included
both professional and student teams
failed to show a direct, simple relation-
ship between personality trait (neurot-
icism) and team performance.”
Because of the interest in quality care
and the incorporation of simulation with
k and ation, our
hypothesis was that individual person-
ality trasts would affect teamwork and

MARCH 2021 AJOG MFM 1

Communication was positively
associated with teamwork when
examining team response to
postpartum hemorrhage.

FIGURE 3
Relationship between teamwork and overall communication (Pearson
correlation, 0.81; P<.001)

8 -

Global team communication
()]

4 4
3 4
2 T T T T T T
3 4 5 6 T 8
Teamwork scores

Dillon et al. Personality and teamwork. AJOG MFM 2021.

Dillon SJ et al, AJOG MFM. 2021
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Progress Notes

Maternal-Fetal Medicine Faculty [ Hide copied text A
Labor and Delivery High-risk Unit
| was called to OR suite at approximately 1645 following emergent [C] Hover for attribution information

cesarean delivery by L+D East team for fetal bradycardia and concern for
placental abruption. Indices of lab studies noted by -ith elevated PTT of 46 at 1528. Delivery events
reviewed with the team. Delivery at approximately 1530, closure of abdomen, and prior to transfer our of
operative suite, bleeding noted per vagina. | arrived at approximately 1645 to OR suite. At that time, lower uterine
segment atony. She had received 2 doses of Carboprost and been given 2 units of packed red blood cells.
Fundus with lower uterine segment atony with continued active bleeding. HR 90s-100s, BP 100s/70s, scant
concentrated urine in Foley catheter tubing.

MFM L+D West team assuming care of this case.

Hold transfer out of OR. Resuscitation to be conducted in OR suite as resources are most available. OB
Anesthesia faculty ,_to OR.

| ordered additional 2 units PRBC, 2 unit FFP, emergent labs: CBC, fibrinogen. Additional dose of Carboprost

mlalda

At this time, | am concerned for coagulopathy associated with abruption with marked hypovolemia as evidenced
by declining hemoglobin and oliguria. Noted moderate thrombocytopenia, and | expect a declining fibrinogen.
ISTH-DIC scoring reviewed with team.

Plan for aggressive volume resuscitation with additional transfusion of blood products. Component therapy

necessary.
Resuscitation and recovery of hematologic indices is critical. We are actively providing uterine massage as
resuscitation is underway. Re-entry of abdomen in the setting of coagulopathy could be fatal and as such we are
attempting to resuscitate aggressively.

UT Southwestern
Medical Center
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Progress Notes

Maternal-Fetal Medicine Faculty [ Hide copied text
Labor and Delivery High-risk Unit
| was called to OR suite at approximately 1645 following emergent (] Hover for attribution information
cesarean delivery by L+D East team for fetal bradycardia and concern for

placental abruption. Indices of lab studies noted by Dr.Fwith elevated PTT of 46 at 1528. Delivery events
reviewed with the team. Delivery at approximately 1530, closure of abdomen, and prior to transfer our of
operative suite, bleeding noted per vagina. | arrived at approximately 1645 to OR suite. At that time, lower uterine
segment atony. She had received 2 doses of Carboprost and been given 2 units of packed red blood cells.
Fundus with lower uterine segment atony with continued active bleeding. HR 90s-100s, BP 100s/70s, scant
concentrated urine in Foley catheter tubing.

MFM L+D West team assuming care of this case.

Hold transfer out of OR__Resuscitation to be conducted in OR suite as resources are most available. OB
Anesthesia faculty , Dr OR.

| ordered additional 2 units PRBC, 2 unit FFP, emergent labs: CBC, fibrinogen. Additional dose of Carboprost
(total 3) and 1000 mcg rectal misoprostol.

At this time, | am concerned for coagulopathy associated with abruption with marked hypovolemia as evidenced
by declining hemoglobin and oliguria. Noted moderate thrombocytopenia, and | expect a declining fibrinogen.
ISTH-DIC scoring reviewed with team.

Plan for aggressive volume resuscitation with additional transfusion of blood products. Component therapy
necessary.

Resuscitation and recovery of hematologic indices is critical. We are actively providing uterine massage as

resuscitation is underway. Re-entry of abdomen in the setting of coagulopathy could be fatal and as such we are
attempting to resuscitate aggressively.

A

esuscitation insufficient with piecemeal blood component therapy. Massive transfusion protocol

activateq _ét 1723.

UTSouthwestern
Medical Center



Timeline

= Admit 0800: 3 cm, vaginal bleeding report

» 1518: Fetal bradycardia, STAT Cesarean called

= 1528: Delivery

» 1533: Hemacue 10.4 g/dL

»1612: Hemacue 8.5 g/dL

» 1612: Transfusion initiated, 2 units Packed Red Blood Cells
» 1643: Cesarean delivery finished

= 1645: MFM team in room

= 1723: Massive Transfusion Protocol

UT Southwestern
Medical Center



Parkland Hospital Massive Transfusion Protocol Products

Shipment # Red Cells Plasma Platelets Cryoprecipate
S5 units S units I dose I dose
l X X
2 X X X
3 X X X
R X X X
5 X X
6 X X X X
7 X X
8 X X X
9 X X X
10 X X X
UT Southwestern

Medical Center




Timeline

= Admit 0800: 3 cm, vaginal bleeding report

= 15618:

= 15628:

= 1633:

= 1612:

= 1612:

= 1643:

= 1645:

= 1723:

= 1800:

Fetal bradycardia, STAT Cesarean called

Delivery

Hemacue 10.4 g/dL

Hemacue 8.5 g/dL

Transfusion initiated, 2 units Packed Red Blood Cells
Cesarean delivery finished

MFM team in room

Massive Transfusion Protocol

Still active bleeding from atony

UT Southwestern

Medical Center
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OR Surgeon

Faculty note [E] Hide copied text A
Patient with continued uterine atony and active vaginal bleeding despite
aggressive resuscitation and medical therapies. (] Hover for attribution information

Disseminated intravascular coagulopathy.

Decision to proceed with laparotomy, exploration, and surgical management of postpartum hemorrhage.

| was present with team and scrubbed case for re-entry. Re-entry of abdomen at 1800.

Hemoperitoneum identified. Evacuation of blood and clot. No overt area of active significant bleeding. Denuded
area along lower uterine segment at anterior right, however, uterine atony persisted following inspection of
pelvis. Decision to proceed with hysterectomy for life-saving measures.

Supracervical hysterectomy performed by Drs. W under my direct supervision.
Massive transfusion protocol remained active d .

Bilateral ovaries preserved.

Cuff closed.

Vagina inspected following cuff closure with dark blood evacuated but no further blood loss.

Cuff inspected and without active bleeding.

OB Anesthesia discontinued massive transfusion protocol.

Serial labs noted.

| spoke with Dr. E(rom SICU who presented to OR for anticipated transfer of care for postoperative recovery.
Brief events reviewed.

EBL from cesarean delivery 1.75L

EBL thereafter estimated to be 3.25L.

Total EBL 5L for case, and | suspect that this is an underestimate.

Abdomen closed after inspection.

Transfer to SICU.

Serial surveillance of coagulation and hematologic indices. Specifically, fibrinogen, platelets, and hematocrit.
Electrolyte derangements associated with large volume resuscitation to be reviewed.

Magnesium prophylaxis given abruption, thrombocytopenia initiated within the OR and to be continued for 24
hours following delivery. Given renal clearance, plan close observation with titration to therapeutic levels. OB

team to follow within IC
. Unit manager Parkland Spanish interpreter, and the chaplain debriefed
findings, and m

After the procedure, Dr.
the family of the even :

OB ECU resident, L+D resident, hould emergent needs arise.
See additional documentation to follow.

Greatly appreciate the multidisciplinary care in this case.

OB MFM to follow within SICU.

David Bryan Nelson, MD




Transferred to Surgical Intensive Care...
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This was 2017...where ROTEM was being utilized predominantly in the postoperative setting
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Resources to
manage
coagulopathy
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Viscoelastic Tests in the Management of Obstetric Hemorrhage

Clinical E xpert Series @
Point-of-Care Viscoelastic Tests in the
Management of Obstetric Hemorrhage

David B. Nelson, up, Olutoyosi Ogunkua, mp, and F. Gary Cunningham, up

Obstetric hemorrhage remains the leading cause of maternal morbidity and mortality
worldwide. Thromboelastography and rotational thromboelastometry are laboratory methods
of assessing the kinetics of blood dot formation through real-time measurement of viscoelastic
clot strength and may aid in management of severe hemorrhage. Although first described more
than 70 years ago, viscoelastic testing devices are now available that allow for rapid point-of-
care use of this technology to aid in real-time management of blood product replacement in
cases of severe hemorrhage. These devices can be used to visually estimate multiple facets of
hemostasis —coagulation, platelet function, and fibrinolysis—within 10-20 minutes. They have
been used successfully in cardiac surgery, trauma, and liver transplantation and have poltential
for use in management of obstetric hemorrhage. Goals with their use indude targeted trans-
fusion of blood and its components for spedific coagulation defidencies. To date, however,
published experiences with the use of these viscoelastic tests for obstetric hemorrhage have
been limited. Becawse of the increasing use of the point-of-care lests by anesthesiologists,
surgeons, and intensivists, the purpose of this report i to familiarize obstetricians with the
technology involved and its use in severe hemorrhage complicating pregnancy.

Obstet Cynecol 222:139:463-72
DOE 101097/ AQG. X000000004686

Pmlp.uuun hemorrhage continues to be the leading
preventable cause of maternal morbidity and death
worldwide.! In the United States, 10.7% of all
pregnancy-related deaths during 2014-2017 were asso-
cated with postpartum hemorrhage? Owing to the
significant contribution of postpartum hemorrhage to
maternal morbidity and mortality, national organiza
tions, including the American College of Obstetricians
and Gynecologists and the Society for Maternal-Fetal
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Medicine, now recommend a multidisciplinary
approach to hemorrhage prevention and manage
ment.” This approach includes safety bundles
stage-based protocols, and standardized checklists for
treatment of maternal hemorrhage at the earliest stage
possible."* Existing efforts emphasize the need for

early recognition and timely resuscitation, escalation

of care, and, if necessary, deployment of a massive
transfusion protocol to prevent hypoperfusion that
can lead to multi-organ dysfunction and coagulopathy

Laboratory assessment is an essential component of
the management of obstetric patients with postpartum
hemorrhage.'® This is especially true in the setting of
large-volume blood loss requiring massve transfusion.
The standard approach to laboratory testing has been
the use of serial hematologic indices ordered emergently
during the hemorrhage and transfusion therapy.” Given
the time-sensitive nature of responding to such life-
threatening events, deployment of blood products often
occurs before these studies are available owing to the
time it takes to get the blood sample to the laboratory
and for such testing 1o be performed.

Given the need for more timely information and a
better understanding of the consequences of

OBSTETRICS & GYNECOLOGY 463

Nelson DB et al. Obstet Gynecol 2022

UT Southwestern
56 Medical Center



. Simplified schemata of coagulation pathways
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Nelson DB et al. Obstet Gynecol 2022
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McNamara H, Mallaiah S. Best Practice Res Clin Obs Gyn. 2019
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Amgalan A et al. J Thromb Haemost. 2020
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Table 2. Terminology Used in Thromboelastography and Rotational Thromboelastometry

Function Definition TEG ROTEM Description

Clotting Time to clot initiation R (reaction time) CT (clotting time) Prolongation may indicate deficiency of
time procoagulants or presence of

anticoagulants

Clot Time from clot initiation K (kinetics) CFT (clot formation Possible early indicator of clot

kinetics to form clot at 20-mm time) deficiency or hypercoagulability
amplitude

Alpha Angle formed by a line  « (alpha) a (alpha) Estimates rapidity of clot formation;

angle tangent to curve prolongation suggests platelet

through clot initiation
point (rapidity of clot

formation)
Clot Amplitude (mm) at MA (maximum MCF (maximum clot
strength maximum curve width amplitude) firmness)
(clot firmness)
Fibrinolysis Percentage of clot lysis at CL30, CL60 LY30, LY60

30 and 60 min after
maximum clot strength
achieved

dysfunction or deficiency, fibrinogen
deficiency, or both; shortening may
indicated hypercoagulability

Clot strength (firmness) at time X
in minutes, eg, A5, A10, A30

Indicates clot lysis at time X in minutes,
eg, LY30, LY60, and possible need for
antifibrinolytic agents

TEG, thromboelastography; ROTEM, rotational thromboelastometry.

61

Nelson DB et al. Obstet Gynecol 2022
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Normal

Abdefifattah K et al. Int J Surgery. 2016
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Normal

Anticoagulation/Factor
deficiency

2 lal

Abdefifattah K et al. Int J Surgery. 2016
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Normal

Anticoagulation/Factor
deficiency

Platelet Inhibition/Hypo-

Fibrinogenemia

2 lal

Abdefifattah K et al. Int J Surgery. 2016
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Normal

Anticoagulation/Factor
deficiency

Platelet Inhibition/Hypo-
Fibrinogenemia

Hyperfibrinolysis

2 lal

Abdefifattah K et al. Int J Surgery. 2016
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Normal

Anticoagulation/Factor
deficiency

Platelet Inhibition/Hypo-
Fibrinogenemia

Hyperfibrinolysis

Hypercoagulable

2 lal

Abdefifattah K et al. Int J Surgery. 2016
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ROTEM parameters in normal pregnancy compared to non-pregnant state
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Rotational thromboelastometry assays

« INTEM—intrinsic clotting: clot activation is stimulated by reagents with phospholipid and ellagic acid. This assay
provides information similar to that of the activated partial thromboplastin time. It is most often prolonged with

heparin therapy, and treatment is with fresh-frozen plasma.

« EXTEM—extrinsic clotting: activated by recombinant tissue factor. This assay provides information similar to that of
the prothrombin time. Prolongation suggests a deficiency of coagulation factors in the extrinsic pathway, for example,

with vitamin K antagonists.

« FIBTEM—fibrinogen assay: cytochalasin D is added to inhibit polymerization of actin to block platelet contribution to

clot formation. This assay is used to identify hypofibrinogenemia, and it is used most often in obstetric hemorrhage.

« APTEM—aprotinin fibrinolysis: aprotinin inhibits fibrinolysis, and it is used in conjunction with tissue factor and
compared with EXTEM analysis to assess fibrinolysis.

« HEPTEM—heparin neutralization: heparinase is added to neutralize unfractionated heparin and used with INTEM
reagent and compared with INTEM analysis to assess heparin effects on clotting. Without heparinase, unfractionated
heparin-treated samples will result in a flat line. This assay is used principally in patients given unfractionated heparin

while undergoing cardiopulmonary bypass.

Nelson DB et al. Obstet Gynecol 2022
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Rotational thromboelastometry assays

« INTEM—similar to that of the activated
partial thromboplastin time.

« EXTEM—similar to that of the
prothrombin time.

 FIBTEM—fibrinogen assay, used to
identify hypofibrinogenemia, and it is

used most often in obstetric hemorrhage.

« APTEM—compared with EXTEM analysis

to assess fibrinolysis.

« HEPTEM—heparin neutralization.
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I No difference in ROTEM values at <20 weeks with bleeding

Europeun Josrnal of Otusetrics snd Gynecolagy 304 (2025) 36-40
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Case-control study of clotting differences using ROTEM testing in pregnant (555,
patients with early vaginal bleeding
Patrick Maher * , Dan Katz ', Omara Afzal", Sylviah Nyamu ", Lynne D. Richardson ™
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pestation.
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Paarrs Underposrg a0 ve evaluslaon S posible S ORTIIRe COmpared 10 wampdes Lakea (1Om vy mpiomatic
patacres with Realthy pregannce.

Saudy Design: This was 4 prespective cse contral study from a single center. Patients with chief complaist of
vagisal biweding i carly pregnancy (less this 20 weoeks) were rooruiind from the ED for ROTEM testing. These
resalts were compired 1o healthy pregnist women persentisg for rouline presatad cev @ our baspital's
olstetrical climic. Crade results were anslyzed using 303t for ROTEM messures. and differences were then
compared using muktiphe Bacis regresion, controlling for patient ige, race, cthaicly, ember of price peeg-
Asncies, ind estimatod gestitoaad e (EGA) in werks ROTEM meisurements of mterest were the chot Sormation
Idmetics using EXTEM, INTEM, and NATEM tracing.

Rasudrx Over the stiady, 46 patants were recreied from the ED and 51 from the abstetrc chaic Both groups had
similar meas ages. and racial snd cthsa distrdution. ED pateents had carleer EGA than OB cleic patients, 76
weeks vi 10.7 weeks, but higher putient age and higher sumber of prior pregaancies. ROTEM results were a0t
significantly different befwees groups on usivieiste salysis except for INTEM CFT and INTEM MCF. After
controlling for the pathont age s estematod gestational ige. s0 ROTEM result deffered betwevs groups.
Comhusicn: 1n pregaant paticas preseating to the ED with vaginad Mosdag tefore 20 weels, ROTEM differences
were ot diflerent in comparson > helthy pregrant patienes a1 the same gestation stege. This suggesss (hat
ROTEM chating profiles may not be useful i the ovadsstion of vagisal blending within (b popslition

Table 2
ROTEM Data.
Group
VB Control Univariate p-value Adjusted p-value
Channel (Ref. Range) Mean Std Mean Std
EXTEM CT (42-82) 78.45 1493 74.36 10.3 0.16 0.13
EXTEM CFT (48-127) 77.82 21.27 73.55 19.32 0.36 0.69
EXTEM MCF 67.29 4.32 68.52 4.48 0.22 0.42
(52-70)
EXTEM AUC 6689.5 413.66 6823.5 435.4 0.17 0.34
EXTEM LI145 95.32 3.02 96.1 2.49 0.34 0.37
INTEM CT (122-208) 198.33 38.85 193.7 28.96 0.55
INTEM CFT (48-127) 71.43 194 62.68 125 0.02
INTEM MCF (52-70) 65.88 3.94 67.82 3.98 0.03
INTEM AUC 6569.1 403.71 6726.2 391.89 0.09
INTEM LI45 93.62 3.9 94.71 3.18 0.28
NATEM CT 5124 110.65 500. 2 113.5 0.65
NATEM CFT 127.31 37 116.8 30.93 0.21
NATEM MCF 62.29 4.84 63.93 4.29 0.14
NATEM AUC 6271 463.09 6424.5 400.1 0.13
NATEM LI45 95.61 3.68 95.85 3.11 0.85

Introduction have high rates of adverse pregnancy outcomes, including a reporied 58
% rate of miscarriage . Physlological changes in pregnancy cause
Vaginal bleeding In early pregnancy affects almast ane fourth of  recognizable bypercaagulable changes, and prior research has proposed

pregrancies and Is a common presentation in the Emergency Depart- that exaggerated hypercoagulability may result in muﬂmqe due 10

ment (ED) (1.2). Patients experiencing first trimester vaginal bleeding  disruption of flow in the ph ] g
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71

In this study, differences in ROTEM coagulation profiles in patient
samples taken at the time of evaluation for threatened miscarriage did

not differ from coagulation testing performed under routine conditions
during prenatal clinic visits. Subjects in our study groups differed in

ethnic breakdown, including a high rate of minority presence in our
study. Neither group had significant past medical history which might
have been likely to affect our results. On evaluation of coagulation
profiles with multiple ROTEM channels, findings showed normal mean
ROTEM measures in both groups with no difference in any outcome of
interest that would have indicated exaggerated hypercoagulability in
our sample population.

Maher P et al. Eur J Ob Gyn. 2024
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Viscoelastometric-guided early fibrinogen concentrate I N fu S i on Of fi b ri N Oge N
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College of Biomedical and Life Sciences, Cardiff University, UK, *Department of Anassthetics and Pain Control,

Anaesthetics, Leicester Royal Infirmary, Leicester, UK, “Department of Women's and Children's Health,

e —— hemorrhage, however, pre-
gen replacernent, guided by viscoslastometric testing, reduces blood product usage and bleed size.
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- specified subgroup analyses
Background: Postpartum haemorrhage (FPH) can be sxacerbated by haemostatic failurs, We hypothesized that sarly Bbrine-
[ [
Methods: Waomen with PPH 1000-1500 ml were enrolled. If Fibtern AS was <15 mm and bleeding continued, subjects were
randomized to fibrinogen concentrate or placebo. The primary cutcome compared the number of units of red blood cells, S u e S a I r I n O e n
plasma, cryopn tate and platelet shused.

Results: Of 663 women enmolled 55 were randomized. The adjusted incidences rate ratio (IRE) (35% CI) for the number of alloge-
its trarefused in the fibrinogen group compared with placsbo was 072 (0.3-1.7), P=0.45. In pre-specified subgroup analy-

L L
cts who had a Fibterm AS <12 mm at the time of randomization and who received Bbrinogen concentrate recsived a
25th-75th centile) of 1 (0-1.5) unit of allogenesc blood products and had an addiional 300 {100-350) ml blood loss I u I

thome who received placebo ako recsived 3 (0-6) units of allogeneic blood products and had 700 (200-1550§ ml addi-

sod loss; these differences were not statistically significantly different. There was one thrombotic event in each group.
Conclusions: Infusion of Bbrinogen concentrate trigpersd by Fibtem AS <15 mm did not rove outcames in FPH.

b [ [ J [J
Pre-specified subgroup analyses suggest that ibrinogen replacement is not required if the Fibtem AS s = 12 mm or Clauss
e levels not be excluded. The rased hbrinogen at term appears tobe a I e I e m I S | I l I I I ee e

hbrinogen =2 g litre ", but an effect below
physinlogical buffer rather than required for hasmost
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Original Article

riitarnlsalasmaral verss Sndasd cosalaHEn Table 2 Hemorrhage characteristics of TEG versus no TEG

Assays in Patients with Postpartum Hemorrhage group

Allison D. Perelman, MD' Meghana Limaye, MD2®  jennifer Blakemore, MD, MSc'

Iffath A. Hoskins, MD? TEG (n = 69) No TEG

! Department of Obstetrics & Gynecology. New York University Address for correspondence Allison D. Perelman, MD, Department of (n — 61 1 )
Langone Health, New York, New York Obstetrics and Gynecology, New York University Lang one Health, 462
2 pivision of Maternal¥ etal Medicine, Department of Obstetrics and Tst Avenue, NBV 9E2, New York, NY 10016

::nv:;t::gy.wewvm University Langone Health, New York, (e-mail: Alkson. Perelmand nyulangone org). QBL (m L) -I ,638 :t 22 3,799 :t 39]

Am | Perinatol
1,000-1,999 482 (78.9%) 9 (13%)
Abstract Objective Thromboelastography (TEG), a point-of-care test that measures blood's
dynamic viscoelastic properties, is routinely used to guide resuscitation in surgical o ( ) ( )
specialties with high hemorrhage risk. Patients with ongoing postpartum hemorrhage 2‘ 00 0 2 '999 1 ] 6 ] g % 30 4 3' 5%
(PPH) often develop ¢ lopathy and hypofibrinog ia. Timely of
:‘Ibﬂl\og.ﬁl'-\ is qucnal because cryop.m:bit?te for repleu?n r«:qum:sl tha\:ﬂng_ time piiior > 3 .00 0 ] 3 (2 : ‘] %) 30 (4 3. 5 %)
o administration. TEG may provide rapid of ¢ y in ongoing
hemorrhage but this has not been thoroughly studied. O ur objective was to detemine
ot — Blood products 66 (96% 342 (56%
Study Design This was a retrospective cohort study of people with ongoing PPH z &
(quantified Noodllos:.sl.OO(Iml). from January 1, zo‘:ls, to Docunv;criil. 2019. TEG Masswe transfu5|0n 4 1 (59%) 23 (4%)
variables and standard coagulation parameters were compared in patients who had
both assays drawn simultaneously. As asecondary analysis, patients who had TEG were 0
compared with those who did not. The Mann-Whitney, Fisher's exact, Kruskal-Wallis, Ba rl U a Oon 27 (39%) 48 (8%)
Spearman’s rho, and logistic regression tests were used for analysis. Significance was
set at p< 0.05. . .
Results. A total of 680 patientswere ncluded, 69 ofwhom had TEG and coagulation Interventional radiology (IR) 1 (1%) 0 (0%)
parameters drawn simultaneously and were included in the primary analysis. The
remainder were included in the secondary analysis. TEG variables and coagulation H H 1
s g o el st sy Surgical intervention 37 (54%) 53 (9%)
prolonged K and decreased a angle with decreased fibrinogen (rho —0.61, p< 0.001:
K d rho 0.24, p < 0.001), and decreased maximum amplitude with decreased platelets (rho H H
-wp\::t’p;tum 0.62, p <0.001). Those who had thtombo:lastographic assays had higher blood loss D |Iat'0 n and curettage 7 29
hemorrhage and need for interventions to manage hemormrhage than those who did not. I I
= thromboelastography Conclusion TEG correlated significantly with dard lab assays in ongoing
~ coagulopathy PPH, including for patients with hypofibri emia. Given lhe: int-of-care nature Exp oratory aparOtomy 1
=~ fibrinogen and rapid turnaround time, TEG should be considered for timely hemorrhage evalua-
~ massive transfusion  tion and directed resuscitation of coagulopathy. Hystere ctomy ] 4
Other 15 24
receved © 2022. Thieme. All rights reserved. DOI https:[jdoiorg
Apel 8, 2022 Thieme Medical Publishers, Inc.. 10.1055 /519745055, . .
“:epudluluuhlon 333 Seventh Avenue, 15th ljloof, 1SN 0725-1531. ComPOSIte endpo’nt 66 (96%) 383 (63%)
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Introduction

Postpartum hemorrhage (PPH) continues to be the leading cause
of preventable matemal morbidity and morntality worldwide. Despite
ample availability of resources in the United States, a database analy-
sis demonstrated an increase in PPH from 2010 to 2014, from 29 to
3.2% |1} Early detection of and tailored
management may mitigate PPH and assodated idity, as low

lost [15]. Replacing a fixed-ratio massive transfusion protocol
(“shock pack™) with a ROTEM®-based algorithm for fibrinogen
repl.acelmnl lowered the use of allogeneic blood products and
pr t i lated patient after PPH [16]

y practice fudes the empiric use of fixed
ratio massive transfusion for PPH. and the effectiveness of ROTEM®
for I'PH has not been np to empiric t in aran-

fibrinogen (<200 mg/dL) at PPH onset predicts the progression to
severe PPH and need for interventional procedures [2,3). Rotational
thromboelastometry (ROTEM®) point-of-care (POC) testing enables
rapid assessment of global coagulation with specific detection of
low-fibris states and inolysis [4]. In addition to normal
ROTEM™ reference ranges for pregnant women that have been estab-
lished for dlinical use |5-11|. prophylactic administration of fibrino-
gen concentrate ls not mdl:lrd [12] and impactful ROTEM®
hresholds for fib are being defined [13,14].
Use of ROTEM® dunn;PPH" that
is relatively rare and cannot be predicted solely by vo(umt of de

* Corresponding asthor.
E-malladdwss: msrberdtw h harvard edu (MK Faber)

hitps//dolorg/10.1016§ jogeh 2022102470
2468.7847/© N122 Flsevier Massan SAS. All rights reserved.
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setting. In this single center randomized con-
trolled Iﬂal (RCT). we report the impact of ROTEM® on the
transfusion management of PPH after cesarean ddivery ((D) or
vaginal delivery (VD). The primary aim was to compare the tota
number of blood products transfused in the intervention group
compared to standard of care. Secondary aims were to compare
transfusion-associated morbidity between groups. We hypothe-
sized that ROTEM® use during PPH would lower total blood product
transfusion number (including packed red blood cells |PRBC]. fresh

frozen plasma |FFP), platel, cr ipitate, fibri concen-
trate, or cell salvage units). Sccondry ouu:nmes induded number
of each product type d, iated bidi

(i.e.. hysterectomy rate, need for intensive care unit [ICU] admis-
sion. transfusion-associated drculatory overload [TACO]. transfu-
sion-related acute lung injury [TRALI]), and length of stay.

Table 1
Participant characteristics.
ROTEM* Control
Characteristic (N=23) (N=26) Standardized
difference’
Age (years), mean £SD 36+ 5[26,46] 36+5([26,46] -0.051
[min, max]
BMI (kg/m®), mean =5D 31+ 6[21,46] 34+9(21,63] -0317
[min, max]

Gestational age (weeks), 36+ 2[30,39.] 37+2[32,40] -0.280
mean = SD [min, max]|
Gravidity, median (Q1.  4(2.5)(2.9]  3(2.4)(1.8] 0409

Q3) [min, max]
Parity, median (Q1,Q3) 1(1,2)[0,3] 1(1,2)[0,4] -0.144
[min. max]
Race,n (%) 0429
White 13(56.5) 17(70.8)
Black 5(21.7) 5(20.8)
Asian 4(174) 2(8.3)
Hispanic or Latino 1(43) 0(0)
Unavailable (not 0 2
included in percent-
age calculation)
Ethnicity, n (%) -0.125
Hispanic 3(1386) 4(182)
Non-Hispanic 19(86.4) 18(81.8)
Unavailable 1 4

(notincluded in per-
centage calculation)

Number of babies ~0.046
delivered n (%)
1

20(87) 23 (88.5)
2 3(130) 3(11.5)

Anesthesia type, n (%) 0439
CSE 15(65.2) 14(53.8)

Epidural 3(130) 4(154)
General 0(0) 2(7.7)
Spinal 5(21.7) 6(23.1)

Delivery type, n (%) 0.165
Scheduled Cesarean 19(82.6) 20(76.9)
Unscheduled 3(130) 5(19.2)

Cesarean
Vaginal 1(43) 1(3.8)

ROTEM?* = Rotational thromboelastometry; SD = Standard deviation; BMI = Body mass
index; kg = Kilos; m = Meter; Q1, Q3 = Interquartile range; CSE = Combined spinal
epidural.

4 An absolute standardized difference greater than 1.96 /2/n = 0.38 was consid-
ered toindicate greater difference than would be expected by chance.
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Table 2
Results from the intention-to-treat analysis.

Outcome ROTEM®(N = 23) Controf N = 26) Effect size(95% Cl) P-value

Primary outcome

Total blood products transfused, median (Q1, Q3) [min, max] 1.6(0,7)[0, 38.1] 2(1,5.1)[0,23] 0.89(0.45 to 1.73)"

Total PRBCs transfused (units), median (Q1, Q3) [min, max) 1(0,4)[0, 16) 2(1,3)[0,9] 0.84(0.42t0 160)* 0.594
Total FFP transfused (units), median (Q1, Q3) [ min, max] 0(0,3)[0,9] 0(0,2)[0,9] 1.01(0.57 0 181)"° 0.972
Total platelets transfused (units), median (Q1, Q3) [min, max] 0(0,0)[0, 4] 0(0,0)[0,2] 1.22(0.84t0 1.80)* 0.307
Total cryoprecipitate transfused (units), median (Q1, Q3) [min, max] 0(0,0)[0, 3] 0(0,0)[0,2] 1.04(0.72t0 152)* 0.846
Total fibrinogen concentrate transfused (g), median (Q1,Q3)[min,  0(0,0)[0, 3] 0(0,0)[0,2] 1.04(0.72t0 153)" 0.833
max|

Cell salvage transfused (units), median (Q1,Q3) [ min, max] 0(0,0.7)[0, 4.7] 0(0,0) [0, 1.1] 1.81(1.08 t0 330)" 0.023

Secondary outcomes

Coagulopathy, n (%) 1(4.3) 5(19.2) 0.23(0.03t0 1.80)" 0.194
Albumin (mL), median (Q1,Q3) [min, max] 0(0, 250) [0, 3000] 0(0,0) [0, 500] 1.49(0.93t0 248)" 0.099
Crystalloids (mL), median (Q1,Q3) [min, max] 3000 (2500, 3400) [1000, 4300] 3000 (2000, 3500)[1250,4569] 1.00(0.51to 197)* 0.999
Blood loss, EBL or QBL(mL), median (Q1, Q3) [min, max| 2100 (1800, 2844) (1200, 10,000] 2000 (1500, 2600)[1000,4743] 1.51(0.78 t0324)* 0.228
TRALIor TACO, n (%) 0(0) 0(0) - -

ICU admission, n (%) 2(8.7) 1(3.\8) 2.26(0.22t0 2333)" 0.594
Hysterectomy performed, n (%) 13 (56.5) 14(53.8) 1.05(0.63t0 1.74)" 0.851
Length of stay (days), median (Q1,Q3) [ min, max] 4(4,9)(3 38] 4(4,5)[2,20] 1.45(0.77 0 296)"  0.258

ROTEM® = Rotational thromboelastometry; PRBCs = Packed red blood cells; FFP = Fresh frozen plasma; mL = Milliliter; EBL = Estimated blood loss; QBL = Quantitation of blood
loss; TRALI = Transfusion-related acute lung injury; TACO = Transfusion-assodated circulatory overload (TACO); ICU = Intensive care unit.

* Wilcoxon-Mann-Whitney odds.

® Riskratio.
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The Choice between Plasma-Based Common
Coagulation Tests and Cell-Based Viscoelastic
Tests in Monitoring Hemostatic Competence:
Not an either-or Proposition

Connor M. Bunch, MD' Margaret Berquist? Aida AnsariZ Max L. McCoy?  Jack H. Langford?

. i . i
Toby ). Brenner? Michael Aboukhaled, BS? Samuel |. Thomas? Ethan Peck, BS? Shivani Patel, BS? Longer turnaround time Shorter turnaround time
N 2 T 3 v, 3 3 3 -
Emily Cancel, MS ‘Mahmoud D. Al-Fadhl, MA lNuha Zackariya, BA’ Anthony V. Thomas, BS « Lower costs Of reage nts * ngher costs Of reagents
John G. Aversa, MD* Ryan B. Greene, MD® Christopher W. Seder, MD® Jacob Speybroeck, MD’
Joseph B. Miller, MD'  Hau C. Kwaan, MD®  Mark M. Walsh, MD™> « Ideal for batch analysis + Requires extensive quality control
1 Department of Emergency Medicine. Henry Ford Hospital, Detroit,  Address for comespondence Mark M. Walsh, MD, Department of = g 5 % 2 T
)M'Lh':,'.m ‘ Emergency Medicine, Saint Joseph Regional Medical Center, 5215 . Req uires ce ntr|f|_|gat|on . Centr|fugat|0n not requ”'ed
Department of Emergency Medicine, Saint joseph Regional Medical  Holy Cross Parkway, Mishawaka, IN 45545
Center, Mishawaka, Indiana (e-mail: markwakhmd@gmail.com). = . G
i ana Univrsy Schoa of Medicie. Notre Dame Camps. Soulh * Does not analyze whole blood; * Analyzes whole blood; more reflective of in vivo
4 Depariment of Surgery, Indiana University School of Medidne. unreflective of in vivo hemostasis hemostasis without endothelial contribution
Indi anapols, Indlana
o e St et « |deal for monitoring warfarin and heparin dosage + Ideal for monitoring warfarin|
e s T e N heparin patients with acute trauma
7 Department of Orthopedic Surgery, Case Western Medical Center, e = p = ~ =
R s * Insensitive detection of fibrinolysis * Detects fibrinolysis
Northwestem University Feinbery Schod of Medicine, Chiaga, Binois = T = " > = = z
e e R * Requires collection of information regarding » Information regarding the coagulation of
' factor concentration, platelet function, and whole blood is produced by one device
Abstract There has been asignificant interest in thelast decade in the use of viscoelastic tests (VET) fibrinogen from a variety of instruments
to determine the hemostatic competence of bleeding patients. Previously, — - - - - -
coagulation tests (CCTs) such as the prothrombin time (PT) and partial thomboplastin * Only analyzes the initiation of blood clot formation + Analyzes the integrity of the entire blood clot formation
time (PTT) were used to assist in the guidance of blood component and hemostatic - - - - - -
adjunctivetherapy forthese patients. However, the experience of decades of VETusein liver » Associated with inadequate blood product ratio usage * Associated with reduced blood product
failure with transplantation, cardiac surgery, and trauma has now spread to obstetrical
hemorthage and congenital and acquired coagulopathies. Since CCTs measure only 5 to waste and decreased costs
10% of the lifespan of a clot, these assays have been found to be of limited use for acute
surgical and medical conditions, whereby rapid results are required. However, there are
Keywords medicalindiations for the PT/PTT thatcannot be supplanted by VETs. Therefore, the choice

Table 1 Comparison of common coagulation tests and viscoelastic tests

Common coagulation tests

Viscoelastic tests

= thromboelastography of whether to use a CCT or a VET to guide blood component therapy or hemostatic

In this review,

ideration of both methodologi

we provide examples of the relative indications for CCTs and VETs in monitoring hemostatic

= hemorrhage adjunctive therapy may often require ¢

= thrombaosis

= antic l competence of bleeding patients.
published online bssue Theme Emerging Use of

September 29, 2022 Viscoelastography in Thrombasis and
Hemostasis: AChallenge to Conventional
Coagulation Test2: Guest Editors: Hau C.
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The Choice between Plasma-Based Common [o(o1 § BOTH VET
Coagulation Tests and Cell-Based Viscoelastic
Tests in Monitoring Hemostatic Competence:
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Semin Thromb Hemost 2022:48:769-784.

e Delineation of
perioperative/trauma
related fibrinolytic

phenotype

Abstract There has been asignificant interest in the last decade in the use of viscoelastic tests (VETs)
to determine the hemostatic competence of bleeding patients. Previously, common
coagulation tests (CCTs) such as the prothrombin time (PT) and partial thromboplastin
time (PTT) were used to assist in the guidance of blood component and hemostatic
adjunctivetherapy forthese patients. However, the experience of decades of VETusein liver
failure with transplantation, cardiac surgery, and trauma has now spread to obstetrical
hemorthage and congenital and acquired coagulopathies. Since CCTs measure only 5 to
10% of the lifespan of a clot, these assays have been found to be of limited use for acute
surgical and medical conditions, whereby rapid results are required. However, there are

e Titration and
reversal of Warfarin
and unfractionated
heparin

Keywords medicalindiations for the PT/PTT thatcannot be supplanted by VETs. Therefore, the choice
= thromboelastography of whether to use a CCT or a VET to guide blood component therapy or hemostatic
= hemorrhage adjunctive therapy may often require consideration of both methodologies. In this review,
= thrombosis we provide examples of the relative indications for CCTs and VETs in monitoring hemostatic
= antic | competence of bleeding patients.
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Emerging technology for early detection and
management of postpartum hemorrhage to

prevent morbidity

Megan G. Lord, MD); Joaquin A. Calderon, MD; Homa K. Ahmadzia, MD, MPH; Luis D. Pacheco, MD, MPH

The scope of the problem

ostpartum  hemaorrhage  (PPH)

remains the single leading cause of
maternal death worldwide.' In the United
States, obstetrical hemorrhage is the pri-
mary cause of approximately 11% of
maternal deaths overall and is the leading
cuse of maternal death on the day of deliv-
ey and in the first week after ddivery.™
Severe hemorrhage of >1500 mlL occurs in
04% of deliveries® and is bfe-threatening
in appraximatdy 0.1% of delmveries,” Blood
product transfusion is a major contributor
to maternal morbidity® Young hedthy

patients comp for hemorrhage via

Despie hemorrhage detecton sh-
gie leadng cawse of matemal death woridwice. Within the Uniied States, hemonhage & the eading
case of matermal deah on e day of deivery and within e fist ek alter deivery. Bood tenshisbn
&ter hemorrhage egresents a large roparon df sevee matemal martidity during and afier daivery
Bood loss duing defvery hes historically been assessed visualy by inspecing salled pads, Inens, and
lamoiomy sponges. These methads underestimaie the vaiume of biood lass by & much as 40%,
becoming increasingly inaccuraie as tood loss increases. Yaung, heatty dbsietécal paents compen-
satefar biood loss via parpheral vasoconstiction, maintaning heart raie and bood pressue in a nomal
range urtl over 1 L of bibod has been lost. A signficant decease in biood ressure adong with marked
fachycarda (>120 bpmi) may nat be seen undil 30% to 40% df bibod valume has been lost, @ 2.0
26 Linaheakhy iem regmart padent, after which the paient may apidy decompensate. b resouce-
paor seitings especialy, e namow gence o spnficart
may poe Once B detected

frandusion a rouBinely made on the bass df irccumie esbmates of bbod loss, placing

peripheral vasoconstriction; when volume patients @ fisk of underesuscialion frcreasing the risk of hemanhagc shack and end-argan damane)
loss is d, the resulting hypop o (increasing the risk of ranshusion reacion, fuid overbar, and iammunizaion). We
sion can lead 1o multiorgan failure, hemor- | i review novel ecmdopies 12 have emerged I assis bath in the eary and acarate detecion of
rhagic shock, and pituitary necrosis. jons regarding Transhuson.

Early detection of postpartum
hemorrhage

The importance of eary detection
Although hemorrhage remains a lead-
ing cause of maternal death, 70% of
maternal deaths from hemorrhage scem
n) be preventable.” Eary h thag

Key wards: compensatory reserve, posipartum hemorhage, pastpartum hemorthage detec-
tion, rotationd

accurate i of

hemostass assays
J
crugal to improving maternal out-  the volume of blood loss is underesti-
comes’—coagulopathy is most likely mated.'” Protocols have been developed
when thedi is of PPH is delayed or  to improve eary recognition of PPH

q!

blood loss, and early intervention are

Cie this arfiche as: Lord MG, Caidaron JA, Ahmaisa HK, ot al. Emergng sechnoogy
for eary detection and managament of pasanim hamaThags B revent matiddy.
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TABLE 3
Final recommendations

Topic of interest

Recommendations

Novel sensors for early detection of PPH

Application of viscoelastic tests to guide
management of PPH

PPH, postpartum hemorrhage.

Lord. New technology for postpartum hemomhage. Am ] Obstet Gynecol MFM 2022.

Although many sensors are under investigation, no commercially available technology
provides sufficiently accurate estimates of blood loss to justify routine clinical use.

Further studies should be performed, and the algorithms behind these technologies
may be refined to improve test performance in an obstetrical population.

As obstetrical hemorrhage outcomes depend not only on the actual volume of blood loss
or 1he hemoglobln nadlr but also on the patlent s response to hemorrhage, alternative

Pregnancy-specific reference ranges should be established for the existing viscoelastic
assays.

Prospective, randomized trials are needed to confirm the clinical use and cost savings
associated with this technology.

If viscoelastic hemostatic assays are used, fibrinogen assessment seems to be more
reliable in obstetrical hemorrhage than other viscoelastic parameters.

In case of heavy bleeding, hypotension, or tachycardia, massive transfusion protocols
should be initiated and blood products transfused while awaiting results of further
testing. Once available, the results of viscoelastic hemostatic assays may be used to
guide transfusion of additional blood products.

Thempeutcs. No product produced or designad by Coaguiant
Thempeuics manuscript.
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I ROTEM data at present

Emerging technology for early detection and
management of postpartum hemorrhage to

prevent morbidity

Megan G. Lord, MI); Joaquin A. Calderon, MD; Homa K. Ahmadzia, MD, MPH; Luis D. Pacheco, MD, MPH

The scope of the problem
ostpartum  hemorthage  (PPH) Deste

remains the single leading cause of

g leaing cawse of Matma death workdwi. Wihin he Unied Sttes, hemartige & e eadng

remains he sn-

maternal death worldwide.' In the United | cased
States, obstetrical hemarrhage is the pni-
mary cause of gpprodmately 11% of
maternal deaths overall and is the keading
cause of maternal death on the day of deliv-

ay and in the first week after ddivery.™ stefo boad

| e on e cay of
dter hemortage epresents a karge proporfon of severe matermal marbidiy during and afer deivery.
Bood loss dusing delvery s hisioricaly bean assessed visualy by inspecing said pads, inens, and
lgmoimy sparges. These mehads undarestimate the vaiume of bood koss by as much as 40%,
becoming increasingly naccuraie as tiood koss noreases. Yang healty cbsietcal paients compen-

e fisst week after delivery. Boad tensfuson

ina rormal

Smmlunmh:@dﬂSMmLof:msn

muﬂwudbhmmmmnswmmamnmmmmm

04% of deliveries” and is fe-th (>120 bpm) may nat be seen unBl 30% to 40% of bivod valume has been lost, ar 2.0 b
in approximatdy 0.1% of delveries.” BbOd 26 Linaheathy em regrant pafient, ater which the mfiert may apidy decompensate. h resoute
peoduct tranfsion i  sjor por setings especily, he naow o sgrificant vialsgn

o maternal morbidity” Young, heathy may pove Once e & detecter, oard

patients compensate for hemorrhage via
paripheral vasomnstriction: when volume

biood produdt randusion ae routinely made on he bass of inaccusiie estmales of bibod loss, pflacing
maudmmmnmwnwmmmmmdmm

loss is p d, the resulting hy jrg the risk of Fransk. 5 o e
smunladwmlwmﬁﬂmhmor mmmmmmmbmmmmmmzmemd
rhagic shock, and pituitary necrosis. Epat ard in decsions regardng tanshuson.

Key wards: resene, wage detec-
Early detection of postpartum tion, rotationd graphy, throm y
hemorrhage hemostass assays
The importance of carly detection

Although hemorrhage remains a lead-

ing cause of maternal death, 70% of

maternal deaths Emmllemnrdugescem crudal to improving maternal out-

the volume of blood loss is underesti-

0 be preventable.” Early hemorrhage comes’—coagulopathy is most likely mated."® Protocols have been developed

accurate g
blood loss, and carly intervention are

Cite this arficle as: Lord MG, Cateran JA, Avmardza HK, et . Emerging technogy
for eary detecton and management of pesarlum hamarhags D prevent matidy.
Am.J Ottt Gynacol VEM 202200 100722,
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ifi of  when the diagnosis of PPH is delayed or  to improve early recognition of PPH
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FIGURE 3
Sample protocol for ROTEM-based management of postpartum hemormage'

Severe postpartum hemorrhage
diagnosed
(estimated blood loss 21500mL)

|

’ ROTEM EXTEM, | o

INTEM, FIBTEM |

2
2
S ¥
TN
g2
b
(R FIBTEM AS <Smm =
E E OR forma"cli‘:: ::;r:‘::t CT > 80 seconds
o 'g FIBTEM A10 <émm
S E
é 2 & L L 4
= -
E E Administer 5 to 15 units . Administer 2 units
E of cryoprecipitate MT:::?{ T:t:al%::hd of fresh frozen
2 (1-2 pools) p plasma (FFP)

FIBTEM
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I ROTEM data at present

Anaesthesia 2022, 77, 700-711

Table 2 Guidelinesforthe use of viscoelastic haemostatic assays(VHA) in obstetrics.
doi:10.1111/anae. 15662

Ry for fVHAS in
Review Article Network for the Advance ment of *  Assess haemostatic compe e and risk of ! hy in severe ongoing PPH through
PatientBlood Manag: . laboratory tests or elastic haemostatictests to guide appropriate, goal directed use of
- . . . H sandTh b h blood ¢ and pro-haemostatic agents(Grade 1B)

Viscoelastic haemostatic point-of-care assays in the incollaborationwith the « Fibrinogen levels should be montored early in severe ongoing PPH 1o consider
- International Fe deration of cryop fibrnog oncentrde sub ataplasmalevel< 2 gI" or FIBTEM

management of postpartum haemorrhage: a narrative Gynaecolagy and Obstetrics, AS< 12 mm(Grade 1C)
. the European Board and * Transfuse a standard dose of plasma (15-20 mlkg™) in severe ongoing PPH guided by
review Collegeof Obstetrics and abnormalities in coagulaton tests (prothrombin tme, INR and/or APTT > 1.5 times normal

Gynaeclogy, andthe
European Society of
Anaesthesiology[75]

or R prolongation in TEG or CTprolongation in ROTEM)(Grade 2C)

Transfusing a standard dose of platelets (5-10 mlkg™) in severe ongoing PPH guided by
abnormalities in laboratory tests (e.g. platelet count < 75 x 10°1, reduced clot strength
related to impaired platelet function as measured by TEG or ROTEM, or reduced platelet

.

J.D. Dias,' A.J. Butwick,? J. Hartmann®and J. H. Waters* ()

1Mgdg|Aﬂa;ngad,3Ch|e| Officer, H. ics Corp Boston, MA, USA lund-cnasmeasufedbya platelet function test)(Grade 1C)
2Professor, Dep thesiok Uni ty School of Med| Stanford, CA,USA Position of the French Working + Fibri ation should be rapidly evaluated inthe of PPH, andVHAs may be
4Professor, Dep f Anesthesiok and"‘ gineenng, University of Pittsburgh and M. Institute for Groupon Peri-operative usehlnlhsregud
RQgemrahvuM!dl:m, Pittsburgh, PA, USA Haemostasis on viscoel astic * Giventhe limi fVHAs in eval uating fibrinolytic activity, it is propased notto guide the
testing [76] administraton of tranexamic acid on VHA; but la administer it as soon as possible in the
Surnmary event of PPH
lastich " idl Society for the Advancement of * Robust diagnostic coagulation testing must be available within a clinically useful time frame
i 5 mpidtesingat&abed—ddemaidaﬂydlphmofhnmm.w:\ ;:’odManagmm and m(lfdf’e & mean? 10 assess bn!;nh quantitative and qualitative ;;alelel or plasma
bR - .m“odoﬂyﬁ‘.ln *MT i’ administrative and clinical coagulation factor abnormalities
with that may to Mmm“mhﬂm as well as standardsfor patientblood + In some cases, near-patient or point-of-care coagulstion testing may provide the best
thrombosis events. In this narrative review, we examine the potential clinical utility of%co-lnlc hanc management programs [77] combination of clinical utility and timeliness
mlnmm rh g and ider the curent dati b._. i f = Viscoelastic whole blood coagulation testing such as thromboelastography or rotation
W di he clinical b fire - ‘wH'nthowo f i 1 acti~ b duetoth jsion of hy boel y should be idered in the setting of traumatic haemorrhage, organ
(near) real-ime N it o ahoet 1od withhe idensfication'of Iaiondohmw:hu transplantation, cbstetrical haemorrhage and cardiovas cular surgery
Wﬁbﬁwl ThelUuse' of dscoslastic Wc assayguided ak I may be b fidal to Use of viscoel astic haemostatic * Viscoelastic haemostatic assays are not usmlly hdpM for predicting postpartum
Qe i S assaysinthe managementofl haemomhage when taken during labourina pregr 20
predict p » haemorrhage, reduce and major bleeding; British * Viscoelastic haemostatic assays may be used as pant of an agreed alganl.hm to manbg

fbllnolyﬂsln mwiﬁ obstetric Immnmnge. Further studies are required tomwhﬂha viscoelastic postpartum haemormrhage when the local ‘s major g
hnemcsmic .suy—gddod treatment lmpltms clinical outcomes, and to confirm the utility of prepartum protocol is acthvated(Grade 2C)
y identifying pati riskof p haemorrhage. + During major h rrh if the FIBTEM ASis> 12 mm, fibrinogen
replacementisunlikelyto improveclinical haemostasis (Grade 2B)
= During major postpartum haemomhage, if FIBTEMAS is < 7 mm, or < 12 mm with ongoing
3 bleed-ng f-bmogemephcememMmpmednulhmms(&adex)
Correspondence to: J. H. Waters. - Inab or patient, ic add should not be withheld

Email: watejh@UPMC.edu bmdanTEGorROTBﬁpamme'lefs(Gmde 1B)
An:aplad 3 December 2021

l hy; obstetrics; posty haemorrhage; thromboelastography; thromboel ¥
Twner .JDCamlhoDuu @aljabut; @JanHartmannMD

Society for Hsematology [ 16]

Laboratory of near-patient testing leads to the appropriate use of blood components
(Evidence level 3)

Coagulopathies may evolve rapidly, and repeated testing (such as every 30 min) during
continued bleeding and observation of trends are more useful than single measurements
(Evidence level 3)

* Vicoelastic haemostatic assays combined with an agreed treatment algorithm have been
associated with decre ased blood loss and blood productuse (Evidence level 4)

Prevention and managementof
postpartum haemorrhage;
Royal College of
Obstetricians and
Gynaecologists[13]

Introduction Lab ing times for ‘standard coagulation
Altered h is is in obstetric patients as tests can be Iong which may hinder the detection of American Society of i wagulopathy is suspected, obtain viscoelastic assays (e.g. TEG and ROTEM), when
2 Z 25 2 £ Wend Anesthesiologists; n-llb‘e.asm.-ln phlelmmmt.ﬂnybo!hstmg’ylgmaﬂulllvucodlw:myure not
j 2 o SRS :1 in admlyj g patients [6-8] md e delines for peri-operath obtain tion tests (e.g. INR, APTT, fibrinogen concentration) as
factors and ges in pro- and anti- factors [1- often too slow to be lly relevant in ap RS $ well;spm.elelcoumbrmomamg
3] H i is vital for identifying and evolving bleeding events [8-10] Such Irlthnnll (including obstetric
ing major i ies that can coagulation tests are based on indirect measurements, S

contribute to events such as postpartum haemorrhage
(PPH) [4). The timely identification of coagulopathy is
paramount as obstetric hsemorhageis theleading cause of
maternal mortality, accounting for 27% of the 295,000
maternal deaths reported worddwide [5].

capturing the ‘past’ rather than the ‘cument haemostatic
picture [11] and since coagulation disturbance may occur
rapidly after severe PPH, laboratory test results may not
provide timely maternal haemostatic data [12-15).
Ahernatively, whole blood viscoelastic haemostatic assays

Guidelines for abstetric
anaesthetic services;
Associaton of Anae sthetists/
Obstetric Anaesthetists’
Associaton[78]

Strongly recommended that there should be equipment to enable bed-side estimation of
coagulation such 8s TEG or ROTEM

A5, amplitude at 5 min; APTT, activated partial prothrombin time; CT, clotting time; FIBT'EM fibrin-based thomboefaslaneuy INR,
international normalised ratio; PPH, postpartum haemorrhage; ROTEM, rotat I th Yy TEG, th graphy

Dias JD et al. Anesthesia. 2022
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80 Medical Center



ROTEM data at present...but the algorithms differ depending
I on institution (and require accurate interpretation)

| FEEDRACK LOOP
: Optimize patient

Repeat testing every 20-30 minutes until there is Lm“:?

evidence of adequate surgical control of bleeding and < >?‘1;

= lonized Ca?* >1 mmol.|
Review other causes of bleeding
. If coagulation normal, escalate
E TEG CFF MA <14-19 mm obstetric and anaesthetic care
OR
TEG CFF A10 $17 mm Consider fibrinogen
OR concentrate 2-4 g
TEG a <45° {VEs ) OR
: OR cryoprecipitate 5
E ROTEM FIBTEM AS <7-12 10 mi kg [ves )
" mml
H OR
E 2gl
: TEG MA (CRT/CK) <48-57mm Consider P"“""‘ 8lood products
: o {ves ] 1-:: 5oo‘|ﬁn h
: | > mi further
E NOT!M!XI!CMRMOGTM fard dose (5— biood loss of
: Platelets >50-<75 X107 10 mikg?) cinical concern
H Ijlp_—] Thrombin generation
| E§ | E TEG CK R 29-12 min
; EXTEM CT 275-100 5 06Ut
OR
Elevated PT/APTT
Clinical monitoring

Dias JD et al. Anesthesia. 2022
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FIGURE 3

Sample protocol for ROTEM-based management of postpartum hemormage'

Collins PW et al. Int J Ob Anes.
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Run FIBTEM Jhgoing
> bleeding
FIBTEM
A5 > 15 mm
FIBTEM
A5 12-15 mm DO NOT
ORDER FFP
W
Active or high
risk of bleeding Not bleeding
ORDER FFP
| .
Reassess and
Only give FFP if FIBTEM in
bleeding is ongoing 1 hour
Give tranexamic acid if considered
clinically
necessary
2019

Administer packed red blood cells to
maintain hematocrit >21%

Severe postpartum hemorrhage
diagnosed
(estimated blood loss 21500mL)

!

ROTEM EXTEM, |

INTEM, FIBTEM |~

FIBTEM A5 <5mm
OR
FIBTEM A10 <6mm

EXTEM méxlmum cfot ]
formation <45mm

\ 4

CT > 80 seconds

\ 4

Administer 5 to 15 units
of cryoprecipitate

(1-2 pools)

Administer one pooled
unit of platelets

Administer 2 units

of fresh frozen
plasma (FFP)

Lord MG et al. AJOG MFM. 2022
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Parkland Trauma Algorithm

Bleeding NO
1. SBP <80 after 3 units pRBC | Standard of
2.  MTPinevitable based on injury care
pattern
YES
i
_— MT < 3 hours
initiate P | following trauma?
k4
Order labs:
ROTEM 1. ROTEM: Extern, Fibtem

parameters e : :1Brl:
normal 4, PTT

5. FI:rlnnpn

, . !
A10g, < 40 mm CTy > 80 Mg, > 15%
Ecﬂﬁds within &0 rainates
k.
A10,, >
10mm
Plasma
10-15 ccfkg 1 g IV bolus plus 1 g over
H hickirs
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Rotem Curve and Parameters

-

CT = Clotting Time (sec)

MCF= Maximum Clot Firmness (mm)
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Parkland Trauma Algorithm

Bleeding NO
1. SBP <90 after 3 units pRBC I——— Standard of
2.  MTPFiinevitable based on injury care
pattern
YES
i
sa MT = < 3 hours
initiate J 7| following trauma?
k
Order labs:
ROTEM 1. ROTEM: Extern, Fibtem
parameters |e 2. CBC
3. PFT
normal 4 P
5. FI:rI'nuE_n
5 ! l
Al0g, < 40 mm CTey > 80 ML, > 15%
SE'Eﬂ“dS within &0 rminates
| ﬁ
A10,, < A10,, >
10mm 10mm
Platelets Plasma
10-15 ook

Fg 3 Farkand Memonal Hosperal Adgondem for ROTEM guedesd transi usons i Tauma



Do we ROTEM???

=\/iscoelastic hematologic testing may show promise...

= Risk of misinterpretation when used by inadequately trained personnel

= |_imited data in obstetric population and in the management of hemorrhage
but literature is accumulating, especially in European and Anesthesia

literature (FIBTEM may be used as early marker)
—Obesity

—Gestational hypertension and preeclampsia

UTSouthwestern
Medical Center



I ROTEM measured across BMI, HELLP, and Preeclampsia

@ Ta‘ylor &Francis
fr Liraren Gomp

PROC BAYL LN MED CENT)

073,365 62-50

Copyrght ¢ 2023 Bayier Uswersity Medical Center
s/l o1 0.1 0BONIBSEE280 2023 2217504

BMI (n) HELLP (n) Preeclampsia (n)
Baseline rotational thromboelastometry (ROTEM) values in Parameters  <35(308) >35(178) Pvaue Yes@)  No(461) Pvale  Yes@®)  No(395)  Pualue
a healthy, diverse obstetric population and parameter FBTEM
changes by pregnancy-induced comorbidities cr 57.1(160)  59.1(15.4) 020 547(10.1) 580 (16.0) 013  61.8(283 570113 012
Antonio mma Fiol, MD®, Jin Yoo, BS" ©, David Yanez, PhD® @, Kristen L. Fardeimann, MD* @, Alpha angle 748 (4.8) 76.6 (4.4) <0.001 746 (4.8 755 (4.7) 0.35 759 5.7) 754 45) 0.46
Nayema Salimi, MD®, Marah Alian, BS® @, Peter Mancini, MO, and Aymen Alian, MD* MCF 248 6.3) 277 (66) <0001 249 (8.4) 259 (6.4) 054 275 (7.3 255 6.3) 0.022
“Department of Anesthesiology, Yale School of Medicine, New Haven, Connecticut, USA: ®Rutgers Robert Wood Johnson Medical School,
New Brunswick, New Jersey, USA; “Universily of New England Colege of Osteopathic Medicine, Biddetord, Maing, USA A0 2256 (5.6) 255 (5.7) <0.001 218 6.2 23.7 (5.8) 0.12 249 B.3 234 (56) 0.035
p— A20 242 (5.8) 274 (6.3 <0.001 236 (7.1) 254 (6.1) 0.24 269 (7.0) 250 59 0.025
Background: Point-of-care testing provides a representation of the patient’s coagulability status during effective postpartum hem- EXTEM
orrhage management. Baseline values of rotational thromboelastometry (ROTEM) have not yet been reported in a heterogeneous
obstetric population. This study aimed to establish a baseline for a diverse population representative of the United States. The CT 616 (21.8) 63.8 (37.0) 0.46 59.0 9.3 62.6 (29.0) 0.13 66.5 (40.5) 61.5 (24.9) 0.28
secondary aim was to evaluate the association of these hematologic parameters with comorbidities, race, and socioeconomic
factors. CFT 743 (26.1)  68.0(33.4) 0032 1047 (55.1) 70.2(26.1) 0002 735@31.1) T716@87 061
Methods: The study was a retrospective review of collected ROTEM vales of women undergoing vaginal or cesarean delivery
with a history of or at risk for postpartum hemomhage. Patients were divided into healthy and comorbid groups. Exclusion criteria Appha angle  76.0 (3.6) 77.2 (5.0) 0004 74403 76.5 (4.1) 0.046 76.3 49 76.4 (4.0) 0.86
for both groups included active or recent bleeding. receipt of blood products or clot-enhancing factors, and liver disease. Mean
values of ROTEM by race and comorbidities were included. Median values were reported for intrinsic pathway thromboelastometry MCF 699 (5.7) 709 (7.6) (AR 63.4 (8.4) 706 (6.2 <0.001 70.0 6.5 70.3 6.5) 0.62
(INTEM), exrinsic pathway thromboelastometry (EXTEM), and fibrin polymerization thromboelastometry (FIBTEM) amplitude at 10
minutes (A10) and 20 minutes (A20), coagulation time, clot formation time, and maximum clot firmness. A10 626 (7.0) 64.7 (7.8) 0.003 55.0 (10.1) 63.8 (6.9) <0.001 63.1 8.4) 63.4 (7.1) 0.77
Results: A total of 681 records were reviewed; 485 met inclusion criteria, and 267 met healthy criteria. The mean (standard
deviation) demographics for matemal age (years), body mass index (kg/m?), and gestational age (weeks) were 32.2 (5.7), 34 A20 68.5 (6.2) 705 (5.9) <0.001 62.3 9.8) 696 (5.7) <0.001 686 (7.2 69.4 (5.9 0.36
(7.3), and 35.4 (5), respectively. The median INTEM, EXTEM, and FBTEM A10 were 63, 65, and 23 mm. The mean for INTEM,
EXTEM, and FIBTEM A10 was increased for those who were Black or obese, whereas a decreased FIBTEM and EXTEM A10 vas INTEM
e s s el i AT s s W it g h s sl il cr 1650(390) 1618(384 039 1502(318 16410391 046 1683452 1628@72 030
T N e ] el v e N oy s CFT 705305 676347 036 984 447) 679(306) <0001  700(298 693326 086
HELLP syndrmome; pont-of care veroebe§c teeting: rotatiorl thomtoetastometry
Apha angle  76.2 (4.6) 77.0 (4.9) 0051 735(5.) 766 (4.7 0.003 76.7 (4.2) 76.4 (4.8) 069
ostpartum hemorrh. remains 2 workiwide lead-  decade, obstetric anesthesiologists have relied on fibrinogen
P . gt Saorrrtvarpueton e bt — A ——, MCF 67.8 6.2) 68.9 (8.4) 011  61.8 (8.0 685 (6.9) <0001 68569 68.1 (7.2) 0.71
Decades of research have identified fibrinogen as  bleeding.™** For exch | g/L decrease in fibri . the
s e s e e Gt il e = futcins P("‘;F;“m”_: A0 60.8 (7.3) 62.6 (8.3) 0014 53492 619 (7.4 <0.001 61.3 8.2 61.5 (7.7) 0.86
thage (PPH). A plasma fibrinogen level <2 g has been  With the emphasis on carly recognition, some experts have A20 66.9 (6.6) 68.3 (7.3) 0035 605(@8.7) 67.8 (6.6) <0001  67.1 (74 675 6.8) 0.73

shown to have a 100% predictive value for progression to
severe PPH.*® Hence, early recognition and replicement of
this factor is eritical for PPH management.”” Over the last

scrutinized the efficiency of the aboratory Clauss fibrinogen,
which can have a tumaround of 45 to 60 minutes.”
Clinically, the inability of eardy recognition may result in

author: Antonko Gonzalez Fiol, MD, Department of Anestesiology, Yale School of Medione, 333 Cedar Street, TMP 3, New Haven, CT
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Do we ROTEM???

= Point-of-care test may show promise...
= Risk of misinterpretation when used by inadequately trained personnel

= _imited data in obstetric population and in the management of

hemorrhage

Most importantly:
YOU MUST RULE OUT SURGICAL BLEEEDING!!!
That is, ROTEM should not be used in the setting of audible
blood loss!!!

UT Southwestern
Medical Center



More data coming for “point of care”
" ROTEM sigma and TEG 6s

Original Research

Comparative retrospective study on the validity of

m Checklwupdem(

point-of-care testing device for massive obstetrical
hemorrhage: dry hematology vs thromboelastography

Bshin MOD; Shig

aga, PhD; Akihiko Kikuchi, PhD; Yasushi Takai, PhD

BACKGROUND: Early recognifon of hypofitrinogenemia and prompt
initation of transfusion therapy in patients with massive obstetrical hemar-
rhage can improve prognoss. There ae reparts an the useluiness o
paint-of-care festing, which provides quicker test resulls compared with
fri 1sing th iondl Clauss method.
OBJECTIVE: This study aimed to compare and investigaie e diagnos-
fic accuracy of dry hemaiblogy and thromboelastography in point-of-care
festing for the diagnasis of hypafibrinogenemia

STUDY : A single-cenier, study of 126 massive
chsietrical hemorthage cases with point-of-care festing before treatment
was intiated. The carelation of fibrinogen values with e Class method
ad the dagnostic accuacy for hypofibrinogenemia were compared
between dry hematology and fromboelastography.

RESULTS: Fitxinogen value in dry hematolagy showed a strong positive
comelaton with vaves measured ty e Clauss mehod, and e

dagnostic accuracy for hypofibrinogenemia was high, but there were
mary residuals above 100 mg/dL, and the distribution of these residuals
was ot uniform. Atthough thromboelasipgraphy cannot be used to directy
measure fibrinogen values, madmum amplitude citrated funconal fbrino-
gen, ampitude- 10 citrated rapid thrambosastography, and ampiude-10
citrated funconal fixinogen showed a skong pasifve comdation with
fibrinogen values using the Clauss method, and ro significant difference
in careaton or dagrostic accury was cbseved relafve o dry
hematology.
CONCLUSION: Dry hemablogy and thromboelasiography were equally
accurae in diagnosing hypafibrinogenemia, with resuits comelating well
wih fibrinogen values measured by the Clausss methad.

Key words: hymfibrinogenemia, paint-of-care tesfng, postpartum
hemomhage, uterine hemorhage

TABLE 3
Area under the curve values using receiver operating characteristic curves for hypofibrinogenemia of <150 mg/dL
and <200 mg/dL

Correlation
AUC value for AUC value for codtficient for
fibrinogen fibrinogen fibrinogen values by

Group <150mg/d.  95% <200mg/dL.  95%CI Clauss method

Aralysss | (measwred  Fibrinagen measured  0.969 0925-1000) 0881 (0.798-0.963)  0.794

by CGO2N) by CGON
Analysis 2 (measured | MA-CFF (mm) 0.936 ©837-1000) 0940 (0.851-1.000) 0.74
by TEG 65) A-10 CRT (mm) 0.987 0952-1000) 0920 (0.822-1.000) 0.57
A-10 CFF (mm) 0.962 0891-1000) 0946 (0.838-1.000) 0.67

fodyss 1 ad Analss 2 show corelalion coeficients bewesn Rdnogen vaues dedrmined ty De Causs mefod and eah kem in EG 6s.

A-10 OFF, ampitae-10 clratad funcional Shdnogen; A-70 OF T, ampiduce-10 dr@ad rapid Tvombodas dgapdy; AUC, amea under De cuve; O, conficence nenal MA-OFF, madmum angilugs
arakd Anciond Rdrogen

Introduction
assive  obstetrical hemorrhage
(MOH) is a life-th ing con-

the field of obstetrics.™* The CGO2N
whole blood wagulation analyzer (A&T
C i Kanagawa, Japan) an

dition and one of the leading causes of
maternal death.” MOH often presents
with agulopathy, especially when
fibrinogen  initially falls below the
hemostatic threshold and requires high-

rapidly and quantitatively measure
fibrinogen levels, whereas TEG 6s (Hae-
monetics Corporation, Braintree, MA)
does not directly measure fibrinogen

drawbacks such as a long examination
time, large size, and high cost of the
device for installation in a primary
medical institution. The aforemen-
tioned POCT equipment enables testing
ina short ime and at low cost, and test
results are reported to correlate well
with fib levds in |

levels but a compreh

dose coagulation factor repl
Because blood fibrinogen levels corre-
late with the severity of MOH,” it is

to diagnose hypofi
agnose hyp

n o
mia early and initiate appropriate coag-
ulation factor replacement In recent
years, point-of-care testing (POCT), a
rapid and simple measurement of blood
coagulation function, has attracted
attention, and there have been many
reports on its clinical effectiveness in

of coagulation and hemo-
static function, including the influence
of platelets, using whde blood. TEG 6s
can measure the viscoelasticity of blood
clots using various reagents simulta-
neously, resonating the clots and
expressing their amplitudes graphically.
ROTEM (Pentapharm GmbH, Munich,
Germany), which is based on the princi-
ple of thromboclastometry, is also
widely used in daily clinical practice
and its use has been reported in many
cases.” The measurement principles of
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Am.J Obstet Gynecol MFM 2023 5:100778.

hromboelastography and thrombod
tometry are generally the same, with the
only difference being the pins and cups
of the testing equipment. Our medical
i tuti uses the CP3000 (Sckisui
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Medical Co, Ltd, Tokyo, Japan), which
measures fibrinogen using the Clauss
method for the definitive diagnosis of
hypofibrinogenemia, but it  has

blood testing® Because POCT devices
can quickly and easily assess bood
coagulation activity, there have been
many reports of their use in the field of
emergency medicine, such as trauma®
and cardiac surgery,” and some reports
of use for MOH." However, studies
comparing the usefulness of each POCT
instrument in treating MOH are sarce,
and no studies have compared the use-
fulness of dry hematology and throm-
boelastography. Therefore, we
retrospectively examined the diagnostic
accuracy of POCT (dry-hematology,
thromboelastography, or both) in MOH
cases seen at our institution in correla-
tion with fibrinogen levels measured by
the Cluss method to detect hypofibri-
nogenemia (<150 mg/d L, €200 mg/dL),
which is particularly important in
MOH. In addition, Bland—Altman plots
were used to measure the residuals
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TABLE 4
Area under the curve values using receiver operating characteristic curve for hypofibrinogenemia at <150 mg/dL and
<200 mg/dL
Correlation
ALC value for AUC value coefficient for
fibrinogen for fibrinogen fibrinogen values
Group <150mg/dL 95% O Pvalue” <200 mg/dL 95%Cl Pvalue® by Clauss method
Fibrinogen measured by. CGO2N (mg/dL)  0.961 {0.882-1.000) — 0949 0.878-1.000) — 0.91
TEG 65 MA-CFF (mm) 0.952 {0.885~ 1.000) .758 0933 0.835-1.000) .777  0.87
A-10 CRT (mm) 0.942 0.854-1.000) .325 0961 0.903-1.000) .726  0.87
A-10 CFF (mm) 0.961 {0.882-1.000) 1 09857 0.897-1.000) .795  0.91

Fodyss 3 adcongadsn wih AUC vaes of C502N for hypnAnogenenia wers (e wing Cluss mETod CoTdaion oo ens Dedvesn Tlinogen vlues a0 sdh tem,
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Quantra® Hemostasis Analyzer
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Conclusions

* Transfusion remains the leading component of SMM

» Standardized response to obstetric hemorrhage should be
encouraged—use of checklists and simulation offer great
promise to mitigate adverse outcomes

» Recall physiologic changes of pregnancy and the impact on
hematologic parameters

» ROTEM offers a unique perspective in the response to bleeding
but does not currently substitute for volume resuscitation
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Clinical “pearls”

=“*Normal” referent ranges for most laboratory analytes
registered within electronic medical records are often

for non-pregnant values

=Multidisciplinary care is paramount
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