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Abstract

INTRODUCTION: Continuous monitoring of the hemo-
stasis system during postpartum hemorrhage is an essen-
tial aspect of intensive care. Rotational thromboelastometry
(ROTEM) provides rapid and differentiated detection of he-
mostasis system disorders. OBJECTIVE: To evaluate the ef-
fect of implementing the rotational thromboelastometry
on the need for blood transfusion in massive postpartum
hemorrhage in the practice of perinatal centers. MATERIALS
AND METHODS: A retrospective cohort multicenter study
was conducted in two perinatal centers. The BEFORE group in-
cluded females with massive postpartum hemorrhage (PPH)
(>30% of circulating blood volume (CBV) or > 2 L) within 2
years prior to ROTEM implementation in tertiary care hospi-
tals; the AFTER group included females with massive post-
partum hemorrhage within 2 years after ROTEM implemen-
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Pegpepam

AKTYAJIbHOCTb: /[uHamuyeckas OuLeHKa CUCTeMbl reMo-
cTasa BO BpeMs nocaepososoro kposotederus (MPK) sens-
€TCA BaXHbIM MOMEHTOM MHTEHCMBHOW Tepanuu POAUNbHULL.
cnonb3oBaHue poTaumnoHHoi TpomboanactomeTpun (POTIM)
no3BonfeT 6bICTPO U AnddepeHLMPOBAHHO OMNpeaennTb Ha-
pylweHusa B cucteme remoctasa. LIE/Ib MICCNEAOBAHNA:
OueHnTb 3$PeKT BHegpeHNA METOAMKN POTaLMOHHON TPOM-
60371aCcTOMETPUM Ha NOTPeBHOCTb B TPAHCPY3MOHHBIX KOM-
MOHEHTaX KPOBW MPY MaCCMBHbIX MOC/NIEPOAOBbLIX KPOBOTE-
YEHMAX B KAVHMYECKOW MPaKTUKe nepuHaTasbHbIX LIeHTPOB.
MATEPUAJIbI U METOAbI: B peTpoCcneKTMBHOM KOropTHOM
MHOMOLLeHTPOBOM UCCeA0BAHUM MPUHAN Y4acTWe jBa nepu-
HaTa/bHbIX LeHTpa. B rpynny O BOLWAW POXEeHMLbl C MacCuB-
HbiM MPK (> 30 % oT o6beMa umpryavpytolleit kposu (OLIK)
Wan > 2 1) B TeyeHve 2 neT Ao BHegpeHus POTOM B cra-
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tation. The primary endpoint of the study was a compara-
tive evaluation of the frequency of fresh frozen plasma (FFP)
transfusion for hemostasis correction in massive PPH be-
fore and after ROTEM implementation as an urgent meth-
od for coagulopathy diagnosis. RESULTS: A total of 97 pa-
tients were included in the study: 48 in the BEFORE group
and 49 in the AFTER group. A significant relative risk (RR)
of reduced frequency of FFP transfusion RR = 0.53 (0.32, 0.85;
p = 0.009) with NNT = 3.6 after implementation of ROTEM in-
to clinical practice was found. The frequency of cryoprecipi-
tate transfusion increased. Analysis of cases of PPH over 50 %
of the CBV (PPH in the BEFORE and AFTER groups 68.2 + 12.4
and 72.3 £ 35.9, respectively, p = 0.673) showed a twofold
significant risk of reducing the number of parturient women
requiring FFP transfusion: RR = 0.5 (0.25, 0.99); p = 0.049),
with NNT = 2. CONCLUSION: Rapid information on the sta-
tus of the hemostasis system can reduce unnecessary FFP
transfusion. Introducing the ROTEM method into the clini-
cal practice of obstetric hospitals will improve the outcomes
of intensive care for one of the most challenging categories
of patients — postpartum women with massive postpartum
hemorrhage.

KEYWORDS: postpartum hemorrhage, hemorrhagic
disorders, thrombelastography, fresh frozen plasma,
fibrinogen
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LMOoHapbl TpeTbero yposHs, B rpynny MOC/IE — poxeHuLbl
¢ MaccvBHbIM [PK B TeveHne 2 et nocne BHegpeHna POTOM.
[MepBNYHBIMU KOHEYHbBIMM TOYKaMM UCCIe0BaHUA Bblan: CpaB-
HUTE/IbHAA OL|eHKa YaCTOTbl TPaHCHY31M CBEKE3AMOPOXKEHHON
nnasmbl (C3MM) Ana KOppeKLUMM reMocTasa npy MacceHoMm MPK
A0 1 nocne BHegpeHna POTOM Kak MeToaa YpreHTHOW aua-
rHOCTUKKM koarynonatun. PE3YJIbTATbI: B nccneposaHvie 6bl-
N0 BKAoYeHo 97 naumeHTok, rpynny O coctaswaum 48, rpynny
MOC/IE — 49 poxeHu,. bbin BbiABAEH CTaTUCTUHECKN 3HAYUMBI
OTHOCUTEbHBIN pUCK (OP) CHIMKEHUS YacToTbl TpaHcdy3um C3M1
OP=0,53 (0,32, 0,85; p=0,009) co 3HayeHreM roKasatens
umcna 60/bHbIX, KOTOpbIX HEO0BX0AMMO NieunTsb (number needed
to treat — NNT), NNT = 3,6 nocne BHegpeHus POTOM B kan-
HUYECKYIO NMPaKTUKY. YBE/INUYNIOCh KOJIMYECTBO C/lyHaeB TPaHC-
dy3um kpronpeumnutata. AHanus ciydaes MPK 6onee 50 %
ot OLK (HPK B rpynnax 4O nMNOCJ/IE 68,2 +12,4n 72,3 +359
COOTBETCTBEHHO, p = 0,673) BbIABUA ABYKPATHbIN CTaTUCTUYe-
CKM 3HAYMMBbIV PUCK CHUXKEHUA KONMYECTBa POMEHMUL, KOTO-
pbIM noTpeboBanock nposeseHne TpaHcdysmm C3M OP=0,5
(0,25, 0,99; p=0,049), co 3HayeHnem NNT=2. BbIBOAbI:
Bo3MoHOCTb 6bICTPO MoNyYaTb MHGOPMALMIO O COCTOAHUM
CMCTEeMbl FeMOCTa3a NMo3BO/IAET CHU3WTb KONMYeCTBO He060CHO-
BaHHO nepennsaemoit C3l1. BHeaperue metoga POTOM B kau-
HUYECKYIO MPaKTUKY aKyLLIEPCKMX CTaLMOHapPOB MO3BONT Y/y4-
WNTb UCXOAbLI MHTEHCMBHOM Tepanunm O4HOM 13 CaMbIX TAXKEbIX
KaTeropuii naumeHToB (poguabHUL) — ¢ MaccuBHbIMK MPK.
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Introduction

Postpartum hemorrhage remains in the top three lead-
ing causes of maternal mortality [1-3]. Coagulopathy can
be both the main cause of abnormal blood loss and develop
due to massive blood loss. Therefore, continuous monitor-
ing of the hemostasis system during postpartum hemorrhage
is an essential aspect of intensive care for postpartum wom-
en. Rotational thromboelastometry (ROTEM) provides
rapid and differentiated detection of hemostasis system dis-
orders and is part of the point-of-care coagulation testing
technology. It uses whole blood with no need to centrifuge
it, and hemostasis is tested considering blood temperature
and acid-base status directly at the bedside of a parturient
woman [4]. These features of the method allow for rap-
id assessment of most parts of the hemostasis system and,
if necessary, targeted therapy to replenish coagulation fac-
tors. ROTEM use reduces unnecessary FFP transfusion
and provides a guide for the prompt correction of fibrino-
gen deficit; many studies showed the essential role of fibrin-
ogen in coagulopathy pathogenesis [5]. Despite the wide
use of integral methods for assessing the hemostasis system
in various fields of medicine, the effectiveness and necessi-
ty of ROTEM in obstetric practice remains a matter of de-
bate [6-7].

Objective — to evaluate the effect of implementing
the technique of rotational thromboelastometry (ROTEM)
on the need for blood transfusion in massive postpartum
hemorrhage in the practice of perinatal centers.

Materials and methods

The study design was elaborated by the scientific com-
mittee of the Association of Obstetric Anesthesiologists.
A retrospective cohort multicenter study was conducted
in two perinatal centers in the Russian Federation: Regional
Clinical Perinatal Center named after E.M. Bakunina (evalu-
ation period from 01.10.2017 to 30.09.2021) and Krasnoyarsk
Regional Maternal and Pediatric Clinical Center, evalua-
tion period from 01.01.2015 to 31.12.2018). Patients were
divided into groups before and after the introduction
of ROTEM into clinical practice according to the follow-
ing principle: BEFORE group — females with massive
PPH within two years prior to ROTEM implementation
in a tertiary care obstetric facility, AFTER group — females
with massive PPH within two years after ROTEM imple-
mentation. The name of our study (AulITIM — DiPTEM)
was based on this principle.

EXTEM and FIBTEM tests were performed using
ROTEM to assess hemostasis. The indications for FFP
transfusion included ongoing bleeding and increased
clotting time (CT) in the EXTEM test above 70 seconds.
When the clot density at 5 min (AS5) in the FIBTEM test
was less than 12 mm, 10 doses of cryoprecipitate were trans-
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fused at a time (1 dose contained 40 ml of cryoprecipitate).
Subsequent transfusions depend on the results of repeated
tests and the effectiveness of the initial therapy. The use
of coagulation factors (prothrombin complex concentrate
(PCC), recombinant activated factor seven (rFVIIa)) de-
pended on the clinical presentation of ongoing bleeding.

The inclusion criteria for the study were: females
with massive postpartum hemorrhage > 30 % of the circu-
lating blood volume (CBV) or > 2000 mL during cesarean
section (CS) [8]. The blood loss was determined by the grav-
imetric method. The exclusion criteria for the study were:
massive postpartum hemorrhage associated with sepsis,
amniotic fluid embolism, acute fatty liver of pregnan-
cy, or congenital coagulopathies. The withdrawal criteria
for the study were: no hemostasis test using ROTEM per-
formed in the “AFTER” period.

The patients were divided into two groups: BEFORE
group included patients with hemostasis correction per-
formed based on standard coagulometric tests (thrombin
time (TT), activated partial thrombin time (aPTT), fibrin-
ogen, platelet count), clinical presentation, and physician’s
decision; AFTER group included patients with hemostasis
correction performed based on ROTEM parameters, clinical
presentation, and physician’s decision.

CBV (mL) was calculated based on the formula = body
weight x 100 mL; patients’ body weight during pregnancy
was used [9].

The primary endpoints of the study were: comparative
assessment of the transfusion volume of donor erythrocytes
(DE), blood components (FFP, cryoprecipitate, donor
platelet concentrate), reinfusion of washed red blood cells
(RWRBC), and coagulation factors (PCC, rFVIIa) for he-
mostasis correction in massive PPH before and after imple-
mentation of ROTEM as an acute coagulopathy diagnostic
method.

The secondary endpoints of the study were: quantitative
and qualitative changes in the ratios of infusion and transfusion
media, postpartum bleeding volume, and autologous blood
transfusion volume using reinfusion of washed red blood cells
before and after ROTEM implementation. The effect of acute
diagnostics of the hemostasis status on the rate of relaparotomy,
hysterectomy and on the rate of such complications as
acute respiratory failure, acute kidney injury, length of stay
in an intensive care unit (ICU), and duration of mechanical
ventilation (MV) after CS was of interest.

Statistical analysis

Statistical analysis of the first stage data included
checking the series of numerical and quantitative indi-
cators for the significance of differences with the normal
distribution using the Kolmogorov—Smirnov test and de-
scriptive statistics methods selected for each indicator ac-
cording to the results of the above check. Unless the data
had a significant deviation of the sample distribution
from the normal probability distribution, the mean (M)
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and standard deviation (£ m) were used to report the data.
If the study data had a significant deviation of the sample dis-
tribution from the normal probability distribution, the me-
dian (Me) and interquartile range (Q1; Q3) were used to re-
port the data. Statistical hypotheses were formulated about
the difference between the samples, which were tested us-
ing the parametric Student’s /-test and the nonparametric
Mann—Whitney U-test for the two groups under compar-
ison. The relative risk (RR, 95% CI) was determined to as-
sess the effectiveness of ROTEM in reducing transfusion
volume. The significance level of accepting the hypothesis
that the differences in the mean or other statistical param-
eters and the significance of the effects or correlation co-
efficients were significant was taken to be 0.05 with a pow-
er of 0.80. All data from the study were processed using
IBM SPSS Statistics 25 for Windows (SPSS, Chicago, IL)
and Microsoft Office Excel 2013.

Results

A cohort retrospective multicenter JullT9OM study
included 97 parturient women from two tertiary care peri-
natal centers. The BEFORE group included 48 patients,
and the AFTER group included 49 patients.

The assessment of anthropometric data, age, and gesta-
tional age revealed a statistical difference in the age of par-
turient women: the median age in the BEFORE group was
38 years, and the median age in the AFTER group was
34 years. There was a significant difference in body weight
and body mass index (BMI) (Table 1).

The leading cause of bleeding was placenta increta, fol-
lowed by uterine atony, mainly caused by premature sepa-
ration of the placenta. Combined data from the two peri-
natal centers showed no significant difference in blood loss
and blood loss in relation to CBV (%) (Table 2).

/Ta ble 1. Characteristics of parturient women in the study groups b
BEFORE group (n = 48) AFTER group (n = 49) p-value
Age, years 38.0 (33.0; 41.8) 34.0 (30.0; 38.0) 0.006*
Gestational age, weeks 355+3.2 351+29 0.532**
Body weight, kg 76.0 +14.4 82.1+15.4 0.049**
BMI, kg/m? 27.82+4.84 30.43 +5.50 0.015**
* Mann—Whitney U-test.
** Student's t-test for two independent samples.
BMI — body mass index.
~
Table 2. The cause and volume of blood loss in the study groups
Bleeding cause BEFORE group AFTER group Total
Uterine atony, n (%) 19 (39.6) 18 (36.7) 37 (38.1)
Myomectomy during CS, n (%) 5(10.4) 3(6.1) 8(8.2)
Placenta increta, n (%) 24 (50) 28 (57.1) 52 (53.6)
p-value
Blood loss, mL 3356.3+1302.9 3146.9 £1395.7 0.447*
Blood loss in relation to CBV, % 457+19.2 39.5+212 0.137*
* Student's t-test for two independent samples.
CBV — circulating blood volume; CS — cesarean section.

Although there was no significant difference in the volume
of transfusion of FFP, a significant difference in the volume
of FFP transfused per kilogram of body weight, and the total
volume of transfused FFP was observed in the BEFORE group,
which was 2 times greater than in the AFTER group (Table 3).

A significant relative risk (RR) of reduced frequency of FFP
transfusion RR = 0.53 (0.32, 0.85; p = 0.009) with NNT = 3.6
after implementation of ROTEM into clinical practice was
found. There was a significant difference in cryoprecipitate
transfusion, the total volume of which increased almost 5-fold.
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Assessment of the qualitative composition of infusion Assessment of the ratio of infusion and transfusion ther-
therapy showed a significant difference in crystalloid vol-  apy to the volume of blood loss showed a significant decrease
ume (Table 4). in the latter after the implementation of ROTEM (Table 5).

)

Table 3. Transfusion volume of blood components and coagulation factors

Blood components BEFORE group AFTER group p-value
Number of patients who received FFP, n 28 15 -
Mean volume of FFP, mL 1242.3 +£380.8 1114.5 £ 648.7 0.419*
FFP, mL/kg 16.8 (14.9; 22.0) 13.2 (6.8;15.3) 0.015**
Total volume of FFP, mL 34,783 16,718 -
Number of patients who received 5 12 -
cryoprecipitate, n
Mean volume of cryoprecipitate, mL 100 (90; 130) 200 (142.5; 390) 0.009**
Total volume of cryoprecipitate, mL 540 2950 -
Number of patients who received DE, n 26 23 -
Mean volume of DE, mL 726.8 +321.2 918.9 +647.4 0.206*
Number of patients who received PCC, n 2 4 0.633*
Mean volume of PCC, mL 900.0 + 424.3 1050.0 +300.0 -
Number of patients who received rFVlla, n 4 3 -
Mean dose of rFVlla, mg 21+1.2 40+28 0.261*
Number of patients who received RWRBC, n 35 39 -
Mean volume of RWRBC, mL 765.0 (330; 1200) 587 (160; 800) 0.023**

* Student’s t-test.
** Mann—Whitney U-test for two independent samples.

DE — donor erythrocytes; FFP — fresh frozen plasma; PCC — prothrombin complex concentrate; RWRBC — reinfusion of washed red blood cells.

~
Table 4. Qualitative composition of infusion therapy
Infusion solutions BEFORE group AFTER group p-value*
n=48 n=49
Crystalloids, mL 3000 (2250; 3750) 2500 (2000; 3000) 0.005
n=44 n=40
Colloids, mL 500 (50; 1000) 500 (200; 687) 0.628
* Mann—Whitney U-test.
~

Table 5. The ratio of infusion and transfusion therapy to the volume of blood loss

BEFORE group (n = 48) AFTER group (n = 49) p-value*

Ratio 1761 1.70:1 0.005

* Mann—Whitney U-test.
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Evaluation of the length of stay in ICU in the BEFORE
and AFTER groups (56.9 £ 32.5 and 52.4 * 33.4 hours)
and the MV duration (9.3 £ 5.8 and 7.5 + 3.3 hours) af-
ter surgery showed no significant difference (Student’s ¢-test

p =0.505 and 0.365, respectively). However, a significant
reduction in the number of patients who required postop-
erative MV was observed: RR = 0.39 (0.21, 0.72; p = 0.002),
with NNT = 3 (Table 6).

Table 6. Number of complications

BEFORE group (n = 48) AFTER group (n = 49) RR (95% Cl) p-value
Relaparotomy 8 0 0.06 (0.01, 0.97) 0.047
Hysterectomy 16 9 0.55 (0.27,1.12) 0.101
Mechanical ventilation 26 10 0.39 (0.21,0.72) 0.002

Cl — confidence interval; RR — relative risk.

Assessment of the RR for hysterectomy rates showed
no significant difference between the groups, in contrast
to the RR for relaparotomy, which showed a significant de-
crease (Table 6).

Analysis of PPH cases up to 50% of the CBV
(PPH in the BEFORE and AFTER groups 33.3 7.1
and 33.1 £ 7.3, respectively, p = 0.912) showed no signif-
icant RR reduction in the number of parturient women
requiring FFP transfusion, RR 0.76 (0.38, 1.51; p = 0,43).
However, analysis of cases of PPH over 50% of the CBV
(PPH in the BEFORE and AFTER groups 68.2 + 12.4
and 72.3 £ 35.9, respectively, p = 0.673) showed a twofold
significant RR of reducing the number of parturient women
requiring FFP transfusion: RR = 0.5 (0.25, 0.99; p = 0.049),
with NNT = 2.

Discussion

The current strategy for intensive care of massive ob-
stetric hemorrhage is based on reducing the infusion volume
to avoid hemodilution and increasing the volume of cryo-
precipitate transfusion to replenish fibrinogen as a major
predictor of postpartum bleeding. This approach avoids severe
complications (e.g., dilutional coagulopathy) and allows proper
correction of fibrinogen deficiency [10, 11]. Before implement-
ing ROTEM at both centers, evaluation and decision-making
on administering medications and transfusion media affect-
ing the hemostasis system were usually based on four routine
coagulation tests: aPTT, INR, fibrinogen level, and platelet
count. Given the long waiting time required to obtain the re-
sults of these tests for ongoing bleeding, the decision to initiate
therapy was made by the anesthesiologist/intensivist, usually
empirically, without waiting for results, based on the volume
of blood loss and/or clinical presentation. Usually, the ther-
apy started with FFP, as it was considered a universal blood
product containing almost all coagulation factors. Recently,
the paradigm of infusion and transfusion therapy for obstet-

ric hemorrhage has been changing, and according to interna-
tional studies, using ROTEM for massive postpartum hemor-
rhage reduces the need for transfusion of blood components
and coagulation factors [12-14]. P.W. Collins et al. showed
that limiting FFP transfusion based on clinical assessment
of blood loss and ROTEM data does not result in significant
coagulopathy [9]. Our data also indicated that the introduc-
tion of ROTEM into clinical practice reduced the number
of parturient women receiving FFP for massive PPH by al-
most half, thereby reducing the theoretical risk of infectious
complications, TACO (transfusion-associated circulatory
overload) and TRALI (transfusion-related acute lung injury)
syndromes.

Despite the initial hypercoagulation and hyperfibrin-
ogenemia in pregnant and parturient women [15], plasma
fibrinogen plays a major role in the intensive care of PPH;
its level should be maintained above 2 g/L [16-19]. It is im-
portant to note the correlation between a fibrinogen lev-
el (Clauss) of 2.0 g/L and an A5 FIBTEM index of 12 mm
[20], which allows the use of ROTEM for the early detection
of hypofibrinogenemia [21]. The ROTEM provides informa-
tion on the hemostasis system status in a short time (about
5-10 minutes from the test start in the operating room)
and can be used to diagnose fibrinogen deficiency and guide
therapy. In our study, due to the FIBTEM test (functional
fibrinogen) and targeted correction of hypofibrinogenemia,
both the number of parturient women receiving cryopre-
cipitate and the volume of cryoprecipitate in the transfusion
therapy for massive PPH increased, which is an important
factor in the treatment of postpartum bleeding. These find-
ings are consistent with the fundamental understanding
of an impaired hemostasis system in PPH, where the leading
role is given to a decrease in fibrinogen levels in the early
stages of PPH [11].

The advantage in time to hemostasis test results using
ROTEM, within the first 5 minutes, compared to waiting
for platelet count, fibrinogen, and INR/PTT results, is para-
mount. However, recent European intensive care guidelines
make a weak argument for the routine use of viscoelastic
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tests, compared to routine tests (platelet count, fibrinogen,
INR/PTT) [22]. This further highlights the relevance of ad-
ditional and large-scale research in this area.

Study limitations

The study has several limitations: retrospective study
design, no unified ROTEM protocol for the decision
to administer coagulation factors, and different timing
of the tests.

Conclusion

The study showed that the ROTEM method could de-
tect a critical decrease in the fibrinogen level and guide its
correction quickly, thus reducing the number of traumat-
ic methods of surgical hemostasis, such as relaparotomy.
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