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 Major obstetric haemorrhage (MOH) is a leading cause of maternal death and 
morbidity, with the majority of deaths occurring within four hours of delivery. Therefore, prompt 
identification of women at risk of MOH is crucial for the rapid assessment and management 
of blood loss to urgently restore haemodynamic stability. Furthermore, as the rate of blood 
loss during MOH can increase rapidly in the time when laboratory results are awaited, the 
management of MOH could benefit from point-of-care coagulation testing by the ROTEM analyser 
which has a quicker turnaround time compared to standard laboratory coagulation tests. A 
number of studies indicate that ROTEM-based management of MOH has resulted in a significant 
reduction in massive transfusions and decreased transfusion of concentrated red cells (CRC) 
and fresh frozen plasma (FFP) due to a reduction in total blood loss. Several reports which 
have linked MOH to the depletion of fibrinogen reserves indicate that the reduction in CRC and 
FFP transfusions is largely due to an increase in early fibrinogen replacement therapy which 
corrects hypofibrinogenemia. This short report discusses preliminary findings on the impact 
of ROTEM point-of-care haemostasis analyser on the transfusion of various blood products to 
obstetric women experiencing MOH at the Royal Gwent Hospital in South wales. The number 
of blood products transfused following decisions based on the ROTEM analyser measurements 
(ROTEM group) was compared to historical transfusion data before the ROTEM analyser became 
available (Pre-ROTEM group). Blood product transfusion in the Pre-ROTEM group was guided 
by measurements of standard laboratory coagulation tests in conjunction with the established 
major haemorrhage protocols at the time. The findings indicate that the ROTEM analyser was 
effective in managing MOH at point-of-care and led to a reduction in the transfusion of CRC, 
FFP and platelets. However, contrary to published studies, the reduction in blood product usage 
was not accompanied by an increase in fibrinogen replacement transfusion therapy, suggesting 
that the ROTEM’s FIBTEM assay accurately quantified fibrinogen levels based on fibrin-clot 
firmness to enable an early diagnosis of hypofibrinogenemia. Early establishment of the absence 
of hypofibrinogenemia helped to prevent unnecessary transfusion of fibrinogen concentrate in 
this study. These findings support the adoption of routine use of ROTEM analysers at point-of-
care on labour wards to manage MOH and reduce fibrinogen replacement therapy. The ease of 
use and rapidity of ROTEM tests could enable departure from globally directed correction of 
coagulopathy during MOH to a more focussed and precise target transfusion therapy, which will 
ultimately reduce blood product wastage (including fibrinogen concentrate) whilst minimising 
transfusion-associated side effects such as alloimmunisation, circulatory overload and dilutional 
coagulopathy. 
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Hypofibrinogenemia and its effects on obstetric 
haemorrhage
 Pregnancy and childbirth are associated 
with decreased levels of fibrinogen1-3. Moreover, 
fibrinogen is usually the first factor to fall below 
critical level during bleeding and haemodilution4, 
and in particular during post-partum haemorrhage5, 

6. A low level of fibrinogen is associated with poor 
fibrin-clot quality because fibrinogen is one of 
the major components of the coagulation cascade, 
without which the insoluble fibrin strands and 
a stable blood clot to stop bleeding cannot be 
formed7, 8. A poor clot quality resulting from low 
fibrinogen levels correlates with major obstetric 
haemorrhage (MOH), and a rapid progression to 
severe post-partum haemorrhage5, 9. 
 A significant association of obstetric 
haemorrhage with both hypofibrinogenemia and 
hyperfibrinolysis has been documented, and the 
level of fibrinogen during and after delivery is used 
as an early and rapid marker for progression of 
obstetric haemorrhage10. Furthermore, fibrinogen 
level correlates inversely with blood loss6 making 
it a more sensitive determinant of transfusion 
volumes used in treating MOH11, 12. Therefore, 
normalisation of fibrinogen levels by administering 
fibrinogen concentrate during MOH is thought to 
be the most effective transfusion therapy to manage 
both dilutional and consumptive coagulopathy, 
as it promptly corrects hypofibrinogenemia13, 

14, significantly reduces blood loss6, 15 and the 
need for massive transfusions of CRC, FFP and 
platelets14-18. However, measurement of fibrinogen 
concentration by standard laboratory tests may 
take 60-90 minutes before results are available19, 
which delays goal-directed therapy and in urgent 
cases often leads to empiric treatment for suspected 
hypofibrinogenemia. Such empiric treatment can 
result in the unnecessary transfusion of fibrinogen 
concentrate and other blood products.
 Comparatively, the point-of-care ROTEM 
analyser which gives an accurate assessment of 
the quality of a fibrin-clot through the FIBTEM 
assay provides a result within 10 minutes, 
and can facilitate goal-directed transfusion 
therapy. Apart from quick turnaround time, the 
ROTEM’s FIBTEM assay can also identify 
hypofibrinogenemia, hypofibrinogenesis, and 
hyperfibrinolysis, all of which are defects found 

in MOH6, 20. Thus, by establishing the correct level 
of fibrinogen, the ROTEM analyser can either 
facilitate early initiation of fibrinogen replacement 
therapy in case of hypofibrinogenemia or mitigate 
unnecessary transfusion of fibrinogen to obstetric 
women with normal or adequate fibrinogen 
levels. The ROTEM’s FIBTEM-A5 values show 
a significant positive correlation with fibrinogen 
concentration, and accurately predict blood loss5 
and the likelihood of progression of bleeding to 
severe obstetric haemorrhage of >2500 ml blood 
loss10. Such severe blood loss during MOH can 
result in hypohaemoglobinemia, thrombocytopenia 
and depletion of other coagulation factors, 
necessitating replacement transfusion of CRC, 
platelets and FFP to restore haemodynamic 
stability. However, several studies indicate 
that ROTEM-guided transfusion of fibrinogen 
concentrate during MOH can significantly reduce 
the need to transfuse these blood components14-17. 
Therefore, using the ROTEM analyser to regularly 
monitor and accurately determine the coagulation 
state of MOH patients before transfusion could be 
instrumental in informing goal-directed transfusion 
therapy, with potential to improve clinical 
outcomes through early fibrinogen replacement 
therapy which reduces the transfusion of high 
volumes of other blood products. 
Diagnosis of coagulopathy at point-of-care using 
the ROTEM analyser
 Rotational Thromboelastometry is a 
point-of-care coagulation testing method which 
measures the viscoelastic properties of clotting 
blood and provides a comprehensive picture from 
clot formation until the point of clot dissolution21, 

22. It also provides information on platelet numbers, 
platelet function and fibrinogen reserves23. Four 
assays; EXTEM, INTEM, FIBTEM and APTEM 
performed simultaneously assess different aspects 
of haemostasis to aid the diagnosis of coagulopathy. 
Abnormal clot amplitude and clot lysis profiles 
detected in the EXTEM and FIBTEM assays 
are consistently associated with a diagnosis of 
coagulopathy, high risk of bleeding and massive 
transfusion, and can also predict mortality24. 
Hyperfibrinolysis identified by clot lysis index 
and maximum clot firmness in the EXTEM assay 
has been linked to increased mortality in trauma 
patients24, 25, while the FIBTEM assay successfully 
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diagnosed hypofibrinogenemia of varying degrees 
and provided a guide for the transfusion of 
fibrinogen concentrate or its supplements20, 26-28. 
 Due to its rapid turnaround times and the 
ability to identify specific haemostatic defects/
deficiencies to enable goal-oriented transfusion 
strategies, the ROTEM analyser is increasingly 
being used in diagnosis, monitoring and treatment 
of bleeding in high-risk patients such as those 
undergoing cardiac surgery, obstetric haemorrhage 
and during trauma-induced coagulopathy4, 15, 21, 24, 26, 

28-35. Substantial data highlighting the advantages 
of point-of-care ROTEM assays have facilitated its 
incorporation into various treatment and diagnosis 
algorithms15, 18, 31, 35-38, leading to prompt diagnosis 
of coagulopathy during severe haemorrhage; 
reduced haemorrhage in patients requiring massive 
transfusion; and reduced numbers of transfusions, 
as well as the units/amounts of transfusion products 
used in surgery [26, 28, 30, 34, 35]. The reduced 
blood product usage is largely attributed to early 
detection and treatment of coagulopathy, which 
in turn limits further blood loss that may arise 
from excessive or continued bleeding as standard 
laboratory test results are awaited. 
 In contrast, standard coagulation tests 
(PT, APTT, platelet count and Clauss fibrinogen) 
are inadequate in guiding transfusion therapy in 
emergencies due the longer turnaround times and 
the fact that they do not assess the comprehensive 
process of clot formation and dissolution39. These 
tests may be of limited use particularly in patients 
with major obsteric haemorrhage who would 
require urgent assessment due to the increased risk 
of losing large volumes of blood relatively quickly, 
and the likelihood that their haemostatics may 
change rapidly with the onset of severe bleeding. 
Moreover, it has been suggested that APTT and PT 
can remain normal during large bleeds of >1500 ml 
blood loss6, suggesting that they are less likely to 
give an accurate early feedback about key changes 
in maternal haemostatic profile during MOH.

METHODs

 ROTEM-guided usage of blood products 
for the management of MOH was evaluated at the 
Royal Gwent Hospital, in South Wales. Ethical 
approval was granted by the Aneurin Bevan 
University Health Board and Cardiff Metropolitan 

University Ethics Committees. Usage of blood 
products based on decisions influenced by the 
ROTEM analyser tests was compared to blood 
product usage based on standard laboratory 
coagulation tests. 
 ROTEM-based cases (ROTEM group) 
comprised of 108 women with MOH attending the 
main delivery unit (MDU) from January 2017 to 
May 2018. Non-ROTEM based cases (Pre-ROTEM 
group) comprised of 516 women with MOH who 
attended the MDU from January 2012 to December 
2013. Pregnant women were included in the study 
if they experienced MOH (defined in this study as 
a blood loss <1000 ml) irrespective of whether or 
not they required transfusion of blood products. 
Obstetric women on anticoagulant therapy or those 
who did not experience a major haemorrhage were 
excluded. Blood product transfusion details were 
obtained from archived blood bank records.
 The numbers of CRC, FFP, fibrinogen 
concentrate and platelets transfused was assessed 
by comparing the average rate of transfusion of 
each blood product (total number of products 
transfused, divided by the total number of women 
who were transfused) in the two groups. ROTEM 
measurements were validated by establishing the 
presence of a strong positive correlation between 
EXTEM-A5 and platelet count and a strong 
positive correlation of FIBTEM-A5 with fibrinogen 
concentration. Statistical analysis was performed 
by the GraphPad Prism statistical software. A p 
value <0.05 was considered statistically significant. 

REsulTs, DiscussiOn  
anD cOnclusiOns

Validation of the ROTEM analyser data
 The ROTEM’s FIBTEM assay correlates 
well with standard laboratory measures of 
fibrinogen concentration33 and is used to guide 
fibrinogen replacement therapy. Similarly, the 
EXTEM assay which measures the contribution 
of platelets to coagulation correlates with platelet 
counts and can predict thrombocytopenia and 
guide transfusion of platelet concentrates40. Based 
on these observations, the clinical relevance 
of the ROTEM tests was ascertained in this 
study by testing for correlations of fibrinogen 
concentration with FIBTEM-A5, and platelet 
counts with EXTEM-A5 before analysing data 
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for any possible impact on blood product usage. 
Consistent with published studies, FIBTEM-A5 
and EXTEM-A5 correlated significantly with 
fibrinogen concentration (p<0.0001, Figure 
1A) and platelet count (p < 0.0001 Figure 1B), 
respectively. The strong associations confirmed 
the expected performance of the ROTEM analyser, 
and validated its use in the current study.
Blood product usage based on ROTEM analyser 
measurements
 In the ROTEM group, where the ROTEM 
analyser was used to manage MOH, 33.3% (36 of 
the 108 women) underwent transfusion therapy 
(Table 1). Of the 36 women receiving transfusion 
products, 28 women (78%) were transfused with a 

total of 60 units of CRC, making it the major blood 
component to be used (Table 1). This was followed 
by platelet transfusion at 22.2% (8 of 36 women 
transfused). Fibrinogen concentrate and FFP were 
the least transfused products in the ROTEM group. 
Of note, only 2 of the 108 women (1.9%) received 
fibrinogen concentrate, contrary to a published 
study which reported fibrinogen concentrate to 
be the most frequently administered haemostatic 
therapy for obstetric haemorrhage41. 
 The low rate (1.9%) of fibrinogen 
replacement therapy despite a significant level of 
obstetric haemorrhage (> 1000 ml blood loss) in the 
current study might be indicative of discrepancies 
in the measurement of blood loss and definition of 
MOH [5, 15]. Blood loss data from 43 women in 
the ROTEM group indicated varying degrees of 

Fig. 1. Correlation of ROTEM assays with Fibrinogen 
and platelet count 
The ROTEM analyser was used to measure coagulation 
parameters in 108 obstetric women with MOH in 
the ROTEM group. The values of FIBTEM-A5 and 
fibrinogen concentration (Panel A) and  EXTEM-A5 and 
platelet counts (Panel B) were analysed for correlations 
using the linear regression method. A p value < 0.05  
was considered statistically significant

Fig. 2. Distribution of various parameters in the ROTEM 
group 
Scatter dot plots showing the distribution of some of the 
parameters measured in women in the ROTEM group. 
Each dot represents an individual patient measurement. 
The horizontal line indicates the mean
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Table 1. Average blood product usage per patient transfused in the ROTEM group

Parameter Rotem Analyser Group

Total number of women with MOH   108
Number women with MOH    36 (33.3%)
who received transfusion therapy
  Blood  # of units  # of patients  Transfusion
  Product transfused transfused rate
Average number of units of CRC 60 28 (78%) 2.14
transfusion product per FFP 1   1   (2.8%) 1
patient transfused ** Fibrinogen  2   2   (5.6%) 1
 Concentrate
 Platelets 8 8 (22.2%) 1
 Total 71  

Notes/KeyCRC = Concentrated Red Cells; FFP = Fresh Frozen Plasma** Average units per patient transfused was calculated 
by dividing the total number of products transfused by the total number of women who were transfused.

Table 2. Summary of haemostatic measurements for women in ROTEM group

Parameter Number of  Minimum Median Maximum Mean
 values

Blood loss (ml) 43 1086 1700 4600 1850
APTT (s) 93 20.2 25.6 36.9 25.8
PT  (s) 93 9.3 10.4 12.2 10.5
Fibrinogen (g/L) 93 2 4 6 4
Haemoglobin (g/L) 43 63 102 147 104
Platelets (x109/L) 97 64 212 442 217
FIBTEM-A5 (mm) 108 10 22 45 22
EXTEM-CT (s) 108 34 51 79 51
EXTEM-A5 (mm) 108 29 52 69 52

blood loss: range = 1086 - 4600 ml; median = 1700; 
mean = 1850 ml (Table 2 & Figure 2), all consistent 
with MOH. However, the lower level of fibrinogen 
concentrate transfusions in this study is strongly 
supported by the absence of hypofibrinogenemia 
in obstetric women in the ROTEM group (Table 
2 & Figure 2). Fibrinogen concentrate therapy 
is recommended only when FIBTEM-A5 levels 
fall to ≤ 11 mm and a hypofibrinogenemic state 
of fibrinogen levels <1.0 or 1.5 g/l is reached 
[20, 26, 32, 42, 43], yet a majority of women in 
the current study had normal fibrinogen levels 
(reference range, 2-4 g/l), which did not meet the 
requirements for fibrinogen transfusion therapy. 
The average and median fibrinogen concentration 
in this study were 4 g/l (Table 2 & Figure 2) 
which are still within the typical range of 4-6 g/l 
expected for obstetric women in the 3rd trimester 
44. Moreover, it has been shown that a fibrinogen 

concentration of at least 2.5 g/l can sufficiently 
maintain optimal haemostasis in post-partum 
haemorrhage 45, 46. Furthermore, only two women in 
this study reached the threshold FIBTEM-A5 level 
of ≤11 (Figure 2), requiring fibrinogen therapy. 
This argument is further supported by the OBS2 
study, a double-blind randomized controlled trial 
which showed that fibrinogen replacement was 
unnecessary in obstetric haemorrhaging women 
with a FIBTEM-A5 >12 mm or with fibrinogen 
levels > 2 g/l47.
Blood product usage based on standard 
laboratory coagulation tests
 In the Pre-ROTEM group, transfusion 
therapy was initiated based on visual inspection 
of blood loss and haemostatic assessment by 
standard laboratory coagulation tests. Compared 
to the ROTEM group, 50.97% (263 of the 516 
women) underwent transfusion therapy (Table 
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Table 3. Average blood product usage per patient transfused in Pre-ROTEM group

Parameter Pre-rotem Group

Total number of women   516
with MOH
Number women with MOH   263 (50.97%)
who received transfusion therapy
  Blood  # of units  # of patients  Transfusion
  Product transfused transfused rate
Average number of units of CRC 711 250 (95%) 2.84
transfusion product per FFP 203 48 (18%) 4.23
patient transfused ** Fibrinogen  0    0   (0%) 0.00
 Concentrate
 Platelets 25 17 (6.5%) 1.47
 Total 939  

Notes/KeyCRC = Concentrated Red Cells; FFP = Fresh Frozen Plasma** Average units per patient transfused was calculated 
by dividing the total number of products transfused by the total number of women who were transfused.

3). As with the ROTEM group, CRC was the 
major blood component transfused (95% of all 
transfused women received CRC), with a total 
of 711 units transfused to 250 women. However, 
unlike the ROTEM group, a considerably higher 
number of women (48/263, 18%) were transfused 
with FFP (a total of 203 units transfused to 28 
women) compared to only 6.5% (17 of 263 women) 
who received platelets, with a total of only 25 
units of platelet concentrates transfused. None 
of the women in this group received fibrinogen 
concentrate transfusion therapy.
influence of ROTEM haemostasis analyser on 
blood product usage
 A comparison of the usage of various 
blood products between the ROTEM and Pre-
ROTEM group indicated that a higher number 
of CRC, FFP and platelets were transfused per 
patient in the Pre-ROTEM group, and that using 
the ROTEM analyser led to a reduction in the 
transfusion of these products (Figure 3). This 
is consistent with published studies and shows 
that early detection and management of severe 
haemorrhage at point-of-care can effectively reduce 
the rate of blood loss and lead to a reduction in the 
numbers of patients transfused and volumes of 
CRC, FFP and platelets used [48, 49]. Reduction in 
platelet transfusions reflects the ROTEM analyser’s 
prompt and accurate detection of thrombocytopenia 
which can occur rapidly with ongoing MOH.  

 The greatest reduction was seen in the 
transfusion of FFP (greater than 4-fold reduction), 
which may be largely a result of the early detection 
and management of blood loss based on the 
ROTEM tests such as the FIBTEM assay, which 
predicts blood loss based on accurate assessment 
of fibrinogen levels. However, it is important to 
note that correction of hypofibrinogenemia is 
increasingly using fibrinogen concentrate therapy 
(or cryoprecipitate) due to the low concentrations 
of fibrinogen in FFP (hence suboptimal haemostatic 
efficacy) and the inherent safety concerns of 
pooling FFP donations50, 51. This could be an 
additional factor to explain the higher usage of FFP 
in the Pre-ROTEM group, and the huge reduction 
seen in the ROTEM group. Although the data also 
suggested an increased transfusion of fibrinogen 
concentrate to women in the ROTEM group, the 
general absence of hypofibrinogenemia resulted in 
only two women receiving fibrinogen concentrate 
therapy. This small number of transfusions 
precludes any clinically relevant comparisons of 
fibrinogen usage with the Pre-ROTEM group.   
 Overall, there was 1.8-fold reduction in the 
total number of transfusion products administered 
to MOH women when transfusion was managed 
based on the ROTEM analyser measurements. 
This was calculated by dividing the total number 
of products transfused, by the number of patients 
transfused for each group (i.e. Pre-ROTEM group: 
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Fig. 3. Blood product usage before and with the ROTEM 
analyser 
Usage of blood products before and after the introduction 
of point of care ROTEM analyser was compared 
by calculating the average units of blood products 
administered per person transfused. Average units per 
patient transfused was calculated by dividing the total 
number of products transfused by the total number of 
women who were transfused with a specific product 
for each group. Total number of women receiving any 
of the transfusion products is 263 for the Pre-ROTEM 
group and 36 for the ROTEM group. CRC; Concentrated 
Red Cells. FFP; Fresh Frozen Plasma. FC; Fibrinogen 
concentrate. PLT; Platelets

939/263 = 3.6; ROTEM group: 71/36 = 2.0), and 
calculating the ratio of Pre-ROTEM to the ROTEM 
group (3.6/2.0 = 1.8-fold reduction). It is possible 
that the ROTEM analyser enabled prompt and 
accurate assessment of haemostasis on the labour 
ward for women undergoing MOH, and facilitated 
early detection and correction of coagulopathy, 
which prevented the unnecessary transfusion 
of various blood products, including fibrinogen 
concentrate. 
conclusions and future perspectives
 This study found that using the ROTEM 
analyser reduced the numbers of CRC, FFP and 
platelet units transfused to obstetric women 
experiencing MOH. A lower number of transfusions 
reflects the prompt and accurate assessment of the 
maternal coagulation state and the risk of bleeding, 
which prevented unnecessary use of blood 
products. Furthermore, accurate determination 
of fibrinogen levels by the ROTEM analyser 
led to relatively fewer fibrinogen concentrate 
transfusions in this study compared to published 
literature. This suggests a possibility for the 

ROTEM analyser to reduce blood product usage 
during MOH without necessarily increasing 
fibrinogen replacement therapy. These findings 
confirm that incorporation of specific ROTEM tests 
such as FIBTEM and EXTEM in MOH protocols 
has potential to improve the management of MOH 
and reduce the overall consumption of blood 
products, including fibrinogen concentrate. The 
findings encourage adoption of ROTEM-based 
coagulation testing in the routine monitoring and 
management of MOH, and call for further studies 
to assess the clinical efficacy of MOH protocols 
which incorporate ROTEM assays, with particular 
emphasis on quantitation of real-time fibrinogen 
levels in order to limit unnecessary fibrinogen 
replacement therapy. 
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