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Pulmonary embolism associated with
transfusion after severe post-partum
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Background - Transfusion of red blood cells is associated with superficial vein
thrombosis (SVT) and venous thromboembolism (deep vein thrombosis and/or
pulmonary embolism, VTE). The present study investigated the prevalence of SVT and
VTE in women transfused in the peri-partum period.

Materials and methods - We carried out an observational study in a tertiary level
obstetrics department in the Apulia Region of Southern Italy to investigate VTE
in women transfused during or after labour. The study included all women who
delivered between January 1* and November 30", 2018. A thrombotic event was
defined as an admission with an ICD-9 code of SVT and VTE as a primary or secondary
diagnosis. Maternal "near-miss" rate, as defined by the World Health Organization,
was calculated and outcome of transfused women was recorded.

Results - From January 1% to November 30™, a total of 1,028 women delivered, 39%
of them by caesarean section (CS). One-hundred and thirty-two women (12.8%) had
been classified with one or more complication codes. Most complications occurred in
women who underwent CS with an odds ratio (OR) of 7.0 (95% Cl: 4.0-12.5; p=0.000).
Twelve women (1.2%) were transfused in the peri-partum period, 7 of them had
delivered by CS. The only thrombotic events recorded in the entire cohort of 1,028
patients were isolated pulmonary embolisms observed in 2 out of 12 transfused
women. Overall, patients had received a mean of 7.5 units of packed red blood cells
(1 patient also received 7 plasma units, while 1 patient also received 1 platelet unit).
Consequently, the near-miss rate was 2.0/1,000 deliveries, which is not significantly
different from that expected in Italy and in high-income countries.

Conclusions - Pulmonary embolism is a life-threatening complication, which can be
associated with transfusion in the peri-partum period.

Keywords: pulmonary embolism, venous thrombosis, transfusion, post-partum haemorrhage.

INTRODUCTION

"..Each maternal death is a tear in the community fabric-a child without a mother, parents without a
daughter, and partners without their other half [...]" (David Goodman, PhD, team lead, Maternal Health
Team inthe U.S. Centers for Disease Control and Prevention [CDC] Division of Reproductive Health).

It has been estimated that 60% of pregnancy-related deaths in the United States are

preventable’. Outcome morbidities that could improve with appropriate levels of maternal
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care include number of returns to the operating room,
massive transfusions, severe maternal morbidity, and
potential Intensive Care Unit (ICU) admissions. Known
abnormal placentation (i.e., placenta accreta or percreta)
or prior caesarean birth and current anterior placenta
praevia represent a potential massive blood loss and need
for advanced surgical services in order to reduce maternal
mortality®>.

Patient Blood Management (PBM) in obstetrics is an
approach aimed at a timely application of evidence-
informed medical and surgical approaches designed
to maintain haemoglobin concentration, optimise
haemostasis, and minimise blood loss in order to improve
patients’ outcome. Recently, a multidisciplinary team of
experts has indicated how anaemia prior to childbirth can
be identified and corrected, thereby improving patient
outcomes®. Several authors have set out recommendations
to improve perinatal care of pregnant women, since it
is known that, for example, pre-operative anaemia is
associated with an increased incidence of post-operative
adverse events, including death’”.

Inltaly, theleading causesof direct deathsin pregnancy
are haemorrhage and thromboembolism, followed by
hypertensive diseases™, and a great effort is currently
being made by the Italian Ministry of Health to prevent
avoidable maternal deaths®. Maternal "near-miss"
is defined as a "woman who nearly died but survived
a complication that occurred during pregnancy,
childbirth or within 42 days after termination of
pregnancy"?. Many researchers believe that the term
"near-miss" is a better indicator of maternity care than
mortality in high-income countries®® because of the
relatively low mortality rate recorded there’. Ithas been
suggested that severe post-partum haemorrhage (PPH)
is associated with an approximately 5-fold higher risk
of post-partum superficial vein thrombosis (SVT)*.
A large population-based cohort study carried out in
Sweden showed that red blood cell (RBC) transfusion,
but not PPH alone, is an independent risk factor for
post-partum venous thromboembolism (VTE). The
risk is dose-dependent, progressively rising according
to the increase in the number of transfused units®.
Here we report data on the prevalence of vein
thrombosis and/or pulmonary embolism (PE) in women
transfused in the peri-partum period from an ongoing
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project aimed at reducing outcome morbidities in a
tertiary Italian research hospital.

MATERIALS AND METHODS

In the framework of a regional project devoted to the

improvement of PBM in obstetrics, we started an audit
in our tertiary obstetrics unit at the "Casa Sollievo della
Sofferenza’, Foggia, in the Apulia region of Southern
Italy. In the area of Foggia, 43% of all women resident
in the area are of childbearing age, similar to the
percentage of all resident women in Apulia (42.5%).

The study included all women aged 15-49 years admitted
consecutively to the obstetrics department in our research
hospital from January 1% to November 30", 2018. The
hospitals' discharge databases were used to identify cases
and the number of women who gave birth. ICD-9-CM
procedure codes associated with blood transfusions were
used to identify women who underwent allogeneic blood
transfusions (99.00 t0 99.09). Major and minor bleeding
events were defined according to the International
Society on Thrombosis and Haemostasis classification®.

Definition of SVT and VTE

Diagnoses were recorded according to the International
Classification of Diseases, 9 revision (ICD-9): codes 325,
415.1, 451, 452, 453, 671.3, 671.4, 671.5, 671.9, 673.2 and 673.3.
At the time of acute thromboembolic event, one of the
authors (EG) was asked to counsel and follow-up women
with the diagnosis of VTE; the clinical and laboratory
information presented here has, therefore, been extracted
from the patients' medical records.

The study was approved by the local ethics committee (date:
June 11% 2018; ICF: V1_27 Mag 2018; Protocol Number 91/CE).

Statistical analysis

Categorical variables are presented as raw numbers and
percentages, continuous variables as median and ranges.
The significance of any difference in means was evaluated
by non-parametric tests, whereas the significance of any
difference in proportions was tested using the Fisher exact
test or by x*test statistics as appropriate. Odds ratios (OR)
and 95% confidence intervals (CIs) were calculated.

RESULTS

Complications in the entire cohort
From January 1 to November 30%, 1,028 deliveries were
recorded: 61% (n=627) were vaginal deliveries (VD) and
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39% (n=401) caesarean section (CS). Deliveries according
to the ICD-9-CM procedure codes are shown in Table I.
Complications of the procedure occurred in 69 (17.2%) of
the women undergoing CS and in 18 (2.9%) of those who
had a VD (OR: 7.0, 95% CI: 4.0-12..5; p=0.000).

Table I - Deliveries in the entire cohort according to ICD-9-CM
procedure codes description

ICD-9-CM | Description N %

code

370 Caesarean delivery with 69 6.7
complications

371 Caesarean delivery without 332 323
complications

372 Vaginal delivery with complications 7 0.7

373 Vaginal delivery without 609 59.2
complications

374 Vaginal delivery with sterilisation 11 1.1
and/or curettage

375 Vaginal delivery with surgery other 0 0.0
than sterilisation and/or curettage
Total 1,028 100

Furthermore, 132 (12.8%) women had been classified as having
one or more ICD-9-CM complications codes; 8 of them were
diagnosed with haemorrhage (Table II). Among these, 3
were classified as major haemorrhage and required blood
transfusion, whereas the remaining, all minor haemorrhages,
were treated with haemostatic agents.

No DVT or SVT was observed. Two women suffered from
PE in the post-partum period, and these were classified as
“near-miss” events. Therefore, in our cohort we observed
2/1,028 (0.2%) severe maternal outcomes.

Characteristics of the transfused women

Twelve women (1.2%) were transfused in the peri-partum
period (i.e., pre-labour, intra-partum and post-partum); 7 of
them delivered by CS. Median age of the entire sample was
not significantly different from that of transfused women
(31 years, [range 15-47] and 30 [range 17-35] respectively;
p>0.05). Blood components used and the reason for
transfusion are summarised in Table III.

As previously reported, 2 women had PE; they were also
managed by one of the Authors (EG). Both had had an
uneventful pregnancy and delivered by CS. Table IV shows
their obstetric history and features of the index pregnancy.
None of them had a history of obstetric complications
(foetal loss, pre-eclampsia, diabetes) or chronic disease.
None tested positive for thrombophilia.
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Table II - Women with one or more ICD-9-CM codes for
complications (n=132)

ICD-9-CM Short description Number of

code patients

415.1 Pulmonary embolism 2

634.11 Spontaneous abortion complicated by 2
haemorrhage

641.11 Haemorrhage from placenta praevia 1

666.12 Other immediate post-partum 2
haemorrhage

666.24 Delayed and secondary post-partum 1
haemorrhage

665.71 Pelvic haematoma 1

666.02 Third-stage post-partum haemorrhage 1

641.21 Premature separation of placenta 10

656.31 Foetal distress affecting management 14
of mother

658.11 Premature rupture of membranes 11

664.01 First-degree perineal laceration 16

642.01 Hypertensive disorders of pregnancy 14

642.11

642.31

642.41

642.51

667.02 Retained placenta without haemorrhage 1

667.12 Retained portions of placenta without 1
haemorrhage

648.21 Maternal anaemia 7

549.31 Others 48

651.01

652.21

652.31

652.51

652.61

652.81

654.91

656.11

664.11

665.11

665.71

666.02

667.02

667.12

659.51

659.71

659.91

661.01
Total 132

Haemorrhagic complications at delivery are in white. Other complications
during pregnancy or delivery are in Italic.

Both received 1 g of intravenous tranexamic acid within 3
hours from the onset of bleeding. Table V provides details
of the laboratory data of the index pregnancies. A detailed
description of the peri-partum management is provided
below.
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Table I1I - Blood components used and reason for transfusion

Patient (age) PRBC (n) FFP (n) PC (n) Reason for transfusion Timing
Pt1 (33 years) 9 7 / Haemoperitoneum after CS Post-partum
Pt 2 (36 years) 6 2 1 Uterine atony after CS Post-partum
Pt 3 (32 years) 2 / Anaemia after CS Intra-partum
Pt4 (45 years) 2 / / Uterine atony after CS Post-partum
Pt5 (29 years) 1 / / Uterine atony after CS (bigeminy pregnancy) Post-partum
Pt 6 (25 years) 2 / / PPH after VD Post-partum
Pt7 (26 years) 2 / / Vaginal haematoma after VD (episiotomy) Post-partum
Pt 8 (31 years) 2 / / Anaemia at admission (IUGR foetus), VD Pre-labour
Pt 9 (17 years) 2 / / Uterine atony after CS (mechanical dystocia) Post-partum
Pt 10 (31 years) 3 / / PPH after VD (retained placenta) Post-partum
Pt 11 (30 years) 2 / / Anaemia at admission, CS Post-partum
Pt 12 (35 years) 3 / / Anaemia at admission, VD Pre-labour

PRBC: packed red blood cells; FFP: fresh frozen plasma; PC: platelet concentrates; n: number of units; Pt: patient; CS: caesarean
section; VD: vaginal delivery; PPH: post-partum haemorrhage; IUGR: intrauterine growth restriction.

Table IV - Clinical characteristics of two women with
post-partum pulmonary embolism

Pt1 Pt2
Age 33 36
Previous pregnancies, n 1 2
Previous CS 1 2
Previous pregnancy loss 0 0
Previous pre-eclampsia 0 0
Personal/family history VTE No No
Other pregnancy complications No No
Pre-pregnancy weight (kg) 55 57
Weight at delivery 66 67
Gestational week 38 38
Delivery mode (o cs
Neonate sex Male Female
Birth weight (g) 3,300 3,080

Pt: patient; CS: caesarean section; VTE: venous thromboembolism.

Patient 1

A 33-year old woman at her second pregnancy, who had
given birth in 2016 to a male weighing 3,520 g (40 weeks
of gestational age) by CS because of foetal distress. In
2018, she had a CS at 38 weeks because of foetal transverse
position (male, 3,300 g). She had only been anaemic at
the end of the pregnancy. Two hours after delivery, her
haemoglobin levels dropped. Ultrasound scan showed
a haemoperitoneum and she was transfused before a
laparotomy was performed that highlighted trauma of
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the left ovarian artery, requiring left annessiectomy.
Seventy-two hours later, she showed severe dyspnoea
and computed tomography (CT) angiography showed
thrombosis at bifurcation of the right pulmonary artery
with bilateral pleuric effusion in absence of deep vein
thrombosis at lower limb or iliac vein thrombosis. The
woman was transfused with 9 RBC units and 7 plasma
units in 12 h because of haemoperitoneum due to trauma
of the left ovarian artery. Her family history was negative
for thromboembolic events and she did not have additional
risk factors for VTE. She was first treated with nadroparin
3,800 U every 12 h; after 3 days she was switched to 5,700 U
every12 h and oral anticoagulant therapy with antivitamin
K was started. To date, she is taking oral anticoagulants.

Patient 2

A36-year old woman with 2 previous uneventful pregnancies:
in 2008, she had given birth to a female weighing 3,030 g (CS
at 38 weeks because of podalic presentation) and in 2013 to a
female weighing 2,960 g (CS at 38 weeks). After her third
CS (November 5%, 2018), an uterine atony occurred with
a dramatic drop in haemoglobin levels. For this reason,
she underwent a hysterectomy and was transferred to the
ICU. She was transfused with 6 RBC, 2 plasma units, and 1
platelet unit over 72 h. Twelve hours after hysterectomy she
developed severe dyspnoea and CT angiography showed
filling defects within the right segmental pulmonary
arteries. A doppler ultrasound at lower limb excluded
deep or superficial vein thrombosis. A CT scan of the

For personal use only

No other use without premission



Table V - Laboratory investigations in patients with pulmonary embolism-index pregnancy.

PATIENT 1
Date Before CS After CS PE Discharge N.V.
19/6 19/6 23/6 11/7
RBC (x10%/L) 4.09 2.87 3.15 428 4.2-5.4 (105/uL)
Hb (g/dL) 12.1 8.3 9.4 12,6 12-16 (g/dL)
Plt (x10°/L) 128 114 116 150 130-400 (10%/uL)
WBC (x10°/L) 7.23 7.42 4.43 2.97 4.3-10.8 (10%/uL)
PT 138% 1% / 39* 70-130%
INR 0.9 1.1 1.67* 0.8-1.2
aPTT 27.9 / / 20-32 sec
ratio 1.07 0.8-1.2
PATIENT 2
Date Before CS After CS Pre-hysterectomy Discharge N.V.
25/10 6/11 6/11 24/11
RBC (x10%2/L) 3.48 3.36 2.38 3.56 4.2-5.4 (10%/pL)
Hb (g/dL) 11.8 10.0 7 10.9 12-16 (g/dL)
Plt (x10°/L) 176 73.000 55 B, 130-400 (10%/uL)
WBC (x10°/L) 8.77 19.7 20.5 7.19 4.3-10.8 (10%/pL)
PT / 98 122 / 70-130 %
INR 1.0 1.1 0.8-1.2
aPTT / 30.7 33.5 / 20-32 sec
ratio 1.2 1.4 0.8-1.2

*During anticoagulation. CS: caesarean section; PE: pulmonary embolism; N.V.: normal values; sec: seconds; RBC: red blood cells;
Hb: haemoglobin; Plt: platelets; WBC: white blood cell count; PT: prothrombin time; aPTT: activated partial thromboplastin time.

abdomen excluded the presence of other vein thromboses.
The patient was initially treated with enoxaparin 4,000 U
every 12 h; after 3 days oral anticoagulant therapy with
antivitamin K was started. To date, she is taking oral
anticoagulants.

DISCUSSION

Haemorrhage and thromboembolism are leading causes
of direct deaths in pregnancy®. PE in the peripartum
period has a rate of 0.23 per 1,000 deliveries”. Similarly
to other authors, we found that onset of PE occurs mainly
during the immediate post-partum period”®.

We recorded an incidence of severe maternal outcomes of
2.0/1,000 deliveries; this figure is not significantly different
from that previously reported in Italy and in high-income
countries”. Furthermore, in agreement with other Italian
data, the most frequent cause was obstetric haemorrhage®.
Both our patients had had previous CS and delivered by
CS in the index pregnancy. Women undergoing a CS have
a higher risk of becoming a near-miss compared with
those who delivered vaginally?°?2. Abnormal placentation

All rights reserved - For personal use only

and PPH are significantly more frequent in women with
previous CS?. In Italy, as in other countries, the number
of CS has risen significantly, due not only to advanced
maternal age, but also to a rise in the numbers of defensive
CS or for medico-legal concerns.

In our study 12 women out of 1,028 (1.2%) were transfused:
thosewith severe PPH (n=2), whohad received a significantly
higher amount of RBC in a very narrow interval of time,
showed signs and symptoms of PE in the hours following
transfusion. Chauleur et al. found that RBC transfusion
was associated with post-partum SVT (adjusted relative
risk: 4.7 [1.5-15]); however, they did not find any VTE among
362 transfused women™.

Our findings show that the two women diagnosed with
PE had received a mean of 7.5 units of packed RBC, with 7
plasma units and 1 platelets unit in addition, respectively.
A recent large study showed that transfusion of more than
3 units after PPH confers a 5-fold higher independent risk
of VTE, with no significant increased risk in those treated
with plasma in addition to RBC. This study also showed
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that PPH is not in itself a risk factor for thromboembolic
events®.

It is worth noting that we observed isolated PE without
any evidence of vein thrombosis in the legs or iliac veins,
although we cannot exclude a cardiac thrombus origin or
embolisation of the whole deep-vein thrombus; however,
according to available data®, this is not common.
Furthermore, isolated PE was documented in hormone-
related VTE. Indeed, we have recently reported that
isolated PE is significantly more frequent than deep vein
thrombosis, either alone or combined with PE, in women
undergoing hormone therapies in preparation for assisted
reproductive techniques?. The possible explanation for the
phenomenon is an acute inflammatory status in the lung
probably mediated by fibrinogen and/or cytokines and,
in turn, RBC are trapped in the microcirculation in the
smaller pulmonary arteries. This could be the first stage
of a rapidly progressing thrombosis in the pulmonary
circulation®?.

the
thromboembolic risk in transfused patients: 1) the

Many factors can contribute to increased
transfused RBC replacing lost whole blood may increase
blood viscosity®; 2) the transfusion of stored erythrocytes
itself affects coagulation®, and the formation of
microparticles due to RBC storage might propagate
coagulation by exposing negative charged phospholipids
and by initiating thrombin generation?; 3) tissue trauma
(e.g., CS) is a powerful trigger for autonomic dysfunction
and may lead to adrenergia and inflammation that
together promote coagulation. Hypoxiamayalso stimulate
the endothelium?*; 4) transfusion of RBC units stored >20
days increases VTE risk®. Indeed, stored RBC units have
low nitric oxide levels, and this causes vasoconstriction
and higher lactate levels that result in a decreased pH
and the release of proinflammatory cytokines. All these
factors are known to modulate coagulation, enhancing
hypercoagulability®*. When transfusion is necessary, a
possible strategy to reduce VTE risk in these patients is to
prefer "young" instead of "old" RBC, as this assures longer
inter-transfusion periods; however, this is still a subject of
debate®.

CONCLUSIONS

In conclusion, these data should help define transfusion

policies and obstetric practices. Furthermore, a

18

multidisciplinary team should subsequently guarantee
the application of shared protocols.
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