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Реферат

АКТУАЛЬНОСТЬ: Динамическая оценка системы гемо-
стаза во  время послеродового кровотечения (ПРК) явля-
ется важным моментом интенсивной терапии родильниц. 
Использование ротационной тромбоэластометрии (РОТЭМ) 
позволяет быстро и  дифференцированно определить на-
рушения в  системе гемостаза. ЦЕЛЬ ИССЛЕДОВАНИЯ: 
Оценить эффект внедрения методики ротационной тром-
боэластометрии на  потребность в  трансфузионных ком-
понентах крови при массивных послеродовых кровоте-
чениях в  клинической практике перинатальных центров. 
МАТЕРИАЛЫ И МЕТОДЫ: В ретроспективном когортном 
многоцентровом исследовании приняли участие два пери-
натальных центра. В группу ДО вошли роженицы с массив-
ным ПРК (> 30 % от объема циркулирующей крови (ОЦК) 
или > 2 л) в  течение 2 лет до  внедрения РОТЭМ в  ста-
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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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ционары третьего уровня, в  группу ПОСЛЕ — ​роженицы 
с массивным ПРК в течение 2 лет после внедрения РОТЭМ. 
Первичными конечными точками исследования были: срав-
нительная оценка частоты трансфузии свежезамороженной 
плазмы (СЗП) для коррекции гемостаза при массивном ПРК 
до и после внедрения РОТЭМ как метода ургентной диа-
гностики коагулопатии. РЕЗУЛЬТАТЫ: В исследование бы-
ло включено 97 пациенток, группу ДО составили 48, группу 
ПОСЛЕ — ​49 рожениц. Был выявлен статистически значимый 
относительный риск (ОР) снижения частоты трансфузии СЗП 
ОР = 0,53 (0,32, 0,85; р = 0,009) со  значением показателя 
числа больных, которых необходимо лечить (number needed 
to treat — ​NNT), NNT = 3,6 после внедрения РОТЭМ в кли-
ническую практику. Увеличилось количество случаев транс-
фузии криопреципитата. Анализ случаев ПРК более 50 % 
от ОЦК (ПРК в группах ДО и ПОСЛЕ 68,2 ± 12,4 и 72,3 ± 35,9 
соответственно, р = 0,673) выявил двукратный статистиче-
ски значимый риск снижения количества рожениц, кото-
рым потребовалось проведение трансфузии СЗП ОР = 0,5 
(0,25, 0,99; р = 0,049), со  значением NNT = 2. ВЫВОДЫ: 
Возможность быстро получать информацию о  состоянии 
системы гемостаза позволяет снизить количество необосно-
ванно переливаемой СЗП. Внедрение метода РОТЭМ в кли-
ническую практику акушерских стационаров позволит улуч-
шить исходы интенсивной терапии одной из самых тяжелых 
категорий пациентов (родильниц) — ​с массивными ПРК.

КЛЮЧЕВЫЕ СЛОВА: послеродовое кровотечение, 
геморрагические расстройства, тромбоэластография, 
свежезамороженная плазма, фибриноген
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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

	* For correspondence: Alexandr M. Ronenson — ​MD, PhD, 
Head of Anesthesiology and Intensive Care Department 
of the E.M. Bakunina Regional Clinical Perinatal Centre, 
Assistant of the Department of Anesthesiology, Resuscitation 
and Intensive Care, Tver State Medical University, Tver, Russia; 
e-mail: a.ronenson@mail.ru

	� For citation: Ronenson A. M., Raspopin Yu.S., Shifman E. M., 
Kulikov A. V., Ioscovich A. M. Efficacy of rotational 
thromboelastometry for diagnosis and correction of 
coagulopathy in massive postpartum hemorrhage: a cohort 
retrospective multi-center DiPTEM study. Annals of Critical 
Care. 2023;1:34–42.  
https://doi.org/10.21320/1818-474X-2023-1-34-42

	o Received:  20.09.2022
	K Accepted:  03.12.2022

  DOI:  10.21320/1818-474X-2023-1-34-42 

	K Published online:  31.01.2023 	K Дата онлайн-публикации:  31.01.2023



36

DIAGNOSTICS AND INTENSIVE CARE IN OBSTETRICS  Efficacy of rotational thromboelastometry for diagnosis and correction of coagulopathy in massive postpartum hemorrhage:… 
ВЕ

С
ТН

И
К 

И
Н

ТЕ
Н

С
И

ВН
О

Й
 Т

ЕР
А

П
И

И
 И

М
ЕН

И
 А

.И
. С

А
Л

ТА
Н

О
ВА

 |
 A

N
N

AL
S 

O
F 

C
RI

TI
C

AL
 C

AR
E 

| 
20

23
  

| 
1

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 (ДиПТЭМ — ​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 (A5) in  the FIBTEM test 
was less than 12 mm, 10 doses of cryoprecipitate were trans-

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 × 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 t-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 ДиПТЭМ 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). 

Table 1. �� Characteristics of parturient women in the study groups 

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 35.5 ± 3.2 35.1 ± 2.9 0.532**

Body weight, kg 76.0 ± 14.4 82.1 ± 15.4 0.049**

BMI, kg/m2 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, % 45.7 ± 19.2 39.5 ± 21.2 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 
therapy showed a significant difference in crystalloid vol-
ume (Table 4).

Assessment of the ratio of infusion and transfusion ther-
apy to the volume of blood loss showed a significant decrease 
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 
cryoprecipitate, n

5 12 –

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 rFVIIa, n 4 3 –

Mean dose of rFVIIa, mg 2.1 ± 1.2 4.0 ± 2.8 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 1.76:1 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 t-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 % CI) 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

CI — ​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; р = 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. 

Rapid information on the status of the hemostasis system 
can reduce unnecessary FFP transfusion. Introducing 
the ROTEM method into the clinical 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.

Disclosure. The authors declare that they have no com-
peting interests.

Author contribution. All authors according to the ICMJE 
criteria participated in  the  development of  the  concept 
of the article, obtaining and analyzing factual data, writing 
and editing the text of the article, checking and approving 
the text of the article.

Ethics approval. This study was approved by the local 
Ethical Committee of Tver State Medical University (refer-
ence number: 1-01.03.2022).

Funding source. This study was not supported by any 
external sources of funding.

Author’s ORCID:

Ronenson A. M. — ​0000-0002-2468-297X
Raspopin Yu. S. — ​0000-0001-5550-1628
Shifman E. M. — ​0000-0002-6113-8498

Kulikov A. V. — ​0000-0002-7768-4514
Ioskovich A. M. — ​0000-0001-6449-0254

References

[1]	 Knight M., Bunch K., Vousden N., et  al. A  national cohort study 
and confidential enquiry to investigate ethnic disparities in mater-
nal mortality. E Clinical Medicine. 2021; 43: 101237. DOI: 10.1016/j.
eclinm.2021.101237

[2]	 Knight M., Bunch K., Tuffnell D., et al. Saving Lives, Improving Mothers’ 
Care–Lessons learned to inform maternity care from the UK and Ireland 
Confidential Enquiries into  Maternal Deaths and  Morbidity 2017-19. 
Oxford: National Perinatal Epidemiology Unit, University of  Oxford 
2021. Available from: https://www.npeu.ox.ac.uk/assets/downloads/
mbrrace-uk/reports/maternal-report-2021/MBRRACE-UK_Maternal_
Report_2021_-_FINAL_-_WEB_VERSION.pdf (Accessed 1.11.2022)

[3]	 Филиппов О. С., Гусева Е. В. Материнская смертность в  Рос
сийской Федерации в  2019 г. Проблемы репродукции. 2020; 
26(6–2): 8–26. DOI:  10.17116/repro2020260628 [Filippov O. S., 
Guseva E. V. Maternal mortality in the Russian Federation in 2019. 
Russian Journal of  Human Reproduction. 2020; 26(6–2): 8–26. 
DOI: 10.17116/repro2020260628 (In Russ)]

[4]	 Görlinger K., Pérez-Ferrer A., Dirkmann D., et al. The  role of eviden
ce-based algorithms for  rotational thromboelastometry-guided 
bleeding management. Korean J Anesthesiol. 2019; 72(4): 297–322. 
DOI: 10.4097/kja.19169

[5]	 Nelson D. B., Ogunkua O., Cunningham F. G. Point-of-Care Viscoelastic 
Tests in the Management of Obstetric Hemorrhage. Obstet Gynecol. 
2022; 139(3): 463–72. DOI: 10.1097/AOG.0000000000004686

[6]	 Drife J. Point-of-care coagulation testing in obstetrics: more evidence, 
please? BJOG. 2020; 127(7): 828. DOI: 10.1111/1471‑0528.16111

[7]	 Amgalan A., Allen T., Othman M., et al. Systematic review of visco-
elastic testing (TEG/ROTEM) in obstetrics and  recommendations 
from the women’s SSC of the ISTH. J Thromb Haemost. 2020; 18(8): 
1813–38. DOI: 10.1111/jth.14882

[8]	 Клинические рекомендации МЗ РФ. Послеродовое кровотече-
ние. 2021 г. URL: https://cr.minzdrav.gov.ru/recomend/119_2 (Дата 
обращения: 1.11.2022) [Clinical recommendations of the Ministry 
of  Health of  the  Russian Federation. Postpartum hemorhage. 
2021. Available from: https://cr.minzdrav.gov.ru/recomend/119_2 
(Accessed 1.11.2022) (In Russ)]

[9]	 Григорьев Е. В., Лебединский К. М., Щеголев А. В. и др. Реанимация 
и  интенсивная терапия при острой массивной кровопотере  
у  взрослых пациентов Анестезиология и  реаниматология. 
2020; 1: 5–24. DOI:  10.17116/anaesthesiology20200115 [Grigo
ryev E. V., Lebedinskii K. M., Shchegolev A. V., et  al. Resuscitation 
and  intensive care in  acute massive blood loss in  adults. Russian  
Journal of  Anaesthesiology and  Reanimatology = Anesteziologiya  
I Reanimatologiya. 2020; 1: 5–24. DOI:  10.17116/anaesthesiology 
20200115 (In Russ)]

[10]	 Gillissen A., van den Akker T., Caram-Deelder C., et  al. Association 
between  fluid management and  dilutional coagulopathy in  se-
vere postpartum haemorrhage: a nationwide retrospective cohort 
study. BMC Pregnancy Childbirth. 2018; 18(1): 398. DOI: 10.1186/
s12884‑018‑2021‑9

[11]	 Collins P. W., Bell S. F., de Lloyd L., et  al. Management of  postpar-
tum haemorrhage: from research into practice, a narrative review 



41

DIAGNOSTICS AND INTENSIVE CARE IN OBSTETRICS  Efficacy of rotational thromboelastometry for diagnosis and correction of coagulopathy in massive postpartum hemorrhage:… 

ВЕ
С

ТН
И

К 
И

Н
ТЕ

Н
С

И
ВН

О
Й

 Т
ЕР

А
П

И
И

 И
М

ЕН
И

 А
.И

. С
А

Л
ТА

Н
О

ВА
 |

 A
N

N
AL

S 
O

F 
C

RI
TI

C
AL

 C
AR

E 
| 

20
23

  
| 

1

of  the  literature and the Cardiff experience. Int J Obstet Anesth. 
2019; 37: 106–17. DOI: 10.1016/j.ijoa.2018.08.008

[12]	 Ondondo B. O. Management of Major Obstetric Haemorrhage Using 
ROTEM Point-of-Care Haemostasis Analysers Can Reduce Blood 
Product Usage Without Increasing Fibrinogen Replacement Therapy. 
Biomed Pharmacol J. 2018; 11(3). DOI: 10.13005/bpj/1478

[13]	 McNamara H., Kenyon C., Smith R., et  al. Four years’ experience 
of  a  ROTEM® -guided algorithm for  treatment of  coagulopa-
thy in obstetric haemorrhage. Anaesthesia. 2019; 74(8): 984–91. 
DOI: 10.1111/anae.14628

[14]	 Bell S. F., Collis R. E., Pallmann P., et al. Reduction in massive postpar-
tum haemorrhage and red blood cell transfusion during a national 
quality improvement project, Obstetric Bleeding Strategy for Wales, 
OBS Cymru: an observational study. BMC Pregnancy Childbirth. 
2021; 21(1): 377. DOI: 10.1186/s12884‑021‑03853‑y

[15]	 Ronenson A. M., Shifman E. M., Kulikov A. V., et  al. Rotational throm-
boelastometry reference range during pregnancy, labor and postpar-
tum period: A systematic review with meta-analysis. J Obstet Anaesth 
Crit Care. 2022; 12: 105–15. DOI: 10.4103/JOACC.JOACC_21_22

[16]	 Collins P., Abdul-Kadir R., Thachil J. Subcommittees on  Women’s 
Health Issues in Thrombosis and Haemostasis and on Disseminated 
Intravascular Coagulation. Management of coagulopathy associated 
with postpartum hemorrhage: guidance from the SSC of the ISTH. J 
Thromb Haemost. 2016; 14(1): 205–10. DOI: 10.1111/jth.13174

[17]	 McNamara H., Mallaiah S. Managing coagulopathy following  
PPH. Best Pract Res Clin Obstet Gynaecol. 2019; 61: 106–20. DOI: 10.1016/ 
j.bpobgyn.2019.04.002

[18]	 Matsunaga S., Takai Y., Seki H. Fibrinogen for  the  management 
of critical obstetric hemorrhage. J Obstet Gynaecol Res. 2019; 45(1): 
13–21. DOI: 10.1111/jog.13788

[19]	 Ramler P. I., Gillissen A., Henriquez D. D.C.A., et  al. Clinical value 
of early viscoelastometric point-of-care testing during postpartum 
hemorrhage for the prediction of severity of bleeding: A multicenter 
prospective cohort study in the Netherlands. Acta Obstet Gynecol 
Scand. 2021; 100(9): 1656–64. DOI: 10.1111/aogs.14172

[20]	 Bell S. F., Roberts T. C.D., Freyer Martins Pereira J., et al. The sensitivi-
ty and specificity of rotational thromboelastometry (ROTEM) to de-
tect coagulopathy during moderate and severe postpartum haemor-
rhage: a prospective observational study. Int J Obstet Anesth. 2022; 
49: 103238. DOI: 10.1016/j.ijoa.2021.103238

[21]	 Роненсон А. М., Шифман Е. М., Куликов А. В. и  др. Референсные 
показатели ротационной тромбоэластометрии у  бере-
менных и  рожениц: систематический обзор и  метаанализ. 
Анестезиология и реаниматология. 2021; 3: 28–40. DOI: 10.17116/
anaesthesiology202103128 [Ronenson A. M., Shifman E. M., Kuli
kov A. V., et al. Reference values of rotational thromboelastometry 
in  pregnancy and  parturition: a  systematic review and  meta-
analysis. Russian Journal of  Anaesthesiology and  Reanimato- 
logy. 2021; 3: 28–40. DOI:  10.17116/anaesthesiology202103128  
(In Russ)]

[22]	 Vlaar A. P.J., Dionne J. C., de Bruin S., et  al. Transfusion strategies 
in  bleeding critically ill adults: a  clinical practice guideline from 
the European Society of Intensive Care Medicine. Intensive Care Med. 
2021; 47(12): 1368–92. DOI: 10.1007/s00134‑021‑06531‑x


