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Venous thromboembolism (VTE)  – comprising deep venous 
thrombosis (DVT) and pulmonary embolism (PE)  – is a leading cause 
of maternal mortality globally.[1] Approximately 20 - 30% of VTE cases 
in pregnancy present as PE.[2] In the UK and Ireland (2020 - 2022), 
PE was identified as the leading direct cause of maternal death.[1] 
In  South Africa (SA), a middle-income country, PE ranks among 
the top 10 causes of maternal mortality.[3] However, since PE is not a 
leading cause of maternal mortality in SA, awareness, education and 
research on pregnancy-related PE remain limited.[4] PE is associated 
with long-term complications, in particular VTE recurrence and 
chronic thromboembolic pulmonary hypertension (CTEPH).[5,6] 

More than 50% of PE-related deaths are considered preventable. 
Risk factors for VTE during pregnancy and the postpartum 
period are well established. High-risk factors include a personal 
history of thrombosis and inherited thrombophilia,[7] for which 
thromboprophylaxis is recommended during pregnancy and up to 
6  weeks postpartum.[8] There are also several clinical risk factors 
that are associated with an intermediate to low risk of VTE.[9] 
Despite the existence of evidence-based guidelines recommending 
thromboprophylaxis for high- and intermediate-risk women, 
adherence remains suboptimal.[8-11] A systematic review of African 

studies found that 25% of women at risk did not receive appropriate 
prophylaxis,[4] underscoring significant gaps in preventive care.

Diagnosis of VTE in pregnancy remains challenging owing to 
overlapping symptoms with normal pregnancy physiology, and 
concerns about radiation exposure. Recently, diagnostic algorithms 
have been developed to address this challenge.[12,13] The pregnancy-
adapted YEARS algorithm,[13] which uses clinical criteria combined 
with D-dimer levels, has reduced the need for radiological imaging 
in 39% of pregnant women with suspected PE, with a post hoc 
analysis showing no VTE on follow-up (0%, 95% confidence interval 
(CI) 0  -  3.9).[14] Similarly, an adapted version of the Geneva score 
for pregnant women has been proposed,[12] incorporating seven 
diagnostic criteria to assess clinical probability. The risk-benefit ratio 
and cost-effectiveness of such algorithms could prove particularly 
useful in a low-resource setting; however, validation in the SA 
population is needed.

To address these knowledge gaps, we conducted a retrospective 
review of pregnancy-related PE cases managed by a multidisciplinary 
team at Charlotte Maxeke Johannesburg Academic Hospital (CMJAH) 
in Johannesburg, SA. Our aim was to describe the clinical presentation, 
management strategies and outcomes of affected women, thereby 
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contributing local data to inform best practices for managing this high-
risk population in a middle-income country setting.

Methods
Study population
The study included women with a confirmed clinical and radiological 
diagnosis of PE in pregnancy and up to 6 weeks postpartum. Women 
with other identifiable causes of VTE, such as confirmed DVT 
alone, superficial vein thrombosis, cerebral sinus vein thrombosis 
and valve thrombosis, and those who delivered outside our centre, 
were excluded. The study was approved by the University of the 
Witwatersrand Human Research Ethics Committee (Medical) 
(ref. no. M221187).

Data collection
Women diagnosed with pregnancy-related PE at CMJAH from 
January 2018 to September 2024 were identified from the statistical 
records in the Department of Obstetrics. Data were collected 
from the hospital records at presentation, on follow-up and on 
completion of treatment. Clinical data, relevant medical and 
obstetric history and corresponding data on diagnosis, treatment 
and laboratory investigations were collected. Clinical records 
were verified with laboratory and radiology records. Antepartum 
and postpartum risk factors as per the SA Society of Thrombosis 
Haemostasis Guideline (modified Royal College of Obstetricians 
and Gynaecologists guidelines) were also collected.[8] Women were 
classified into low-, intermediate- and high-risk groups for PE 
in accordance with these recommendations.[8,10] Complications, 
including chronic thromboembolic pulmonary hypertension and 

post-thrombotic syndrome, as well as outcomes including recurrent 
thrombosis and bleeding, were documented. Bleeding was assessed 
using the International Society of Thrombosis and Haemostasis 
Scientific and Standardisation Subcommittee on Control of 
Anticoagulation bleeding assessment tool for minor, clinically 
relevant non-major (CRNMB) and major bleeding events related 
to the use of anticoagulants during pregnancy and the postpartum 
period.[15] All bleeding events were reviewed and confirmed by an 
independent adjudication committee.

Risk scores were calculated using the pregnancy-adapted YEARS 
algorithm and pregnancy-adapted Geneva score according to clinical 
signs and symptoms, relevant medical history and D-dimer levels, 
where available, at presentation with PE. 

Computed tomography pulmonary angiography (CTPA), 
ventilation-perfusion (V/Q) scanning, echocardiogram and 
compression ultrasound for the diagnosis of VTE were collected at 
presentation. All PEs were objectively verified, and all diagnoses were 
independently reviewed by the study investigators.

The data were anonymised and coded once all relevant information 
was collected.

Data analysis
Statistical analysis was performed using Statistica Software version 
13.2 (Statistica, USA). Normally distributed continuous data were 
presented as means (standard deviations (SDs)), and variables with 
non-Gaussian distribution as medians (interquartile ranges (IQRs)). 
Categorical data were presented as frequencies and percentages. 
Statistical significance was set at p<0.05. As this was a descriptive 
study on the study population, there was no control group.

Table 1. Baseline characteristics in pregnant and postpartum women with pulmonary embolism (N=77)
Characteristic Total (N=77) Pregnant (n=33) Postpartum (n=44)
Baseline clinical characteristic
Age at diagnosis, years, median (IQR) 29.0 (9.0) 30.0 (9.0) 29.0 (9.0)
BMI, kg/m2, median (IQR) 28.6 (12.5) 28.6 (10.9) 28.6 (13.0)
Black African, n (%) 73 (94.8) 31 (93.9) 42 (95.5)
White, n (%) 1 (1.3) 1(3.0) 0 (0.0)
Coloured, n (%) 1 (1.3) 0 (0.0) 1 (2.3)
Indian, n (%) 2 (2.6) 1 (3.0) 1 (2.3)
Parity, median (IQR) 2.0 (2.0) 1.0 (2.0) 2.0 (2.0)
Gravidity, median (IQR) 3.0 (2.0) 3.0 (2.0) 2.0 (2.0)
Previous miscarriages, n (%) 20 (26.0) 7 (21.2) 13 (29.5)
Smoker, n (%) 1 (1.3) 0 (0) 1 (2.3)
Baseline laboratory characteristic 
Living with HIV, n (%) 20 (26.0) 10 (30.3) 10 (22.7)
CD4 count of HIV infected, × 106/L, median (IQR) 327.5 (372.0) 353.5 (284.0) 296.0 (520.0)

HIV viral load <50 (copies/ml) of HIV infected, n (%) 8 (40) 4 (40.0) 4 (40.0)
White cell count, × 109/L, median (IQR) (ref. 3.9 - 12.6) 10.4 (4.3) 8.6 (2.8)** 11.4 (6.4)**

Haemoglobin, g/dL, median (IQR) 10.3 (2.7) 10.7 (2.7) 10.3 (2.8)
Platelet count, × 109/L, median (IQR) 

Pre LMWH 259.0 (128.0) 258.0 (116.0) 260.0 (155.0)
Post LMWH 307.0 (237.0) 235.0 (180.0)* 345.0 (212.0)*

Creatinine (μmol/L), median (IQR) 60 (20.0) 57.5 (16)* 64 (23)*
D-dimer (mg/L), median (IQR)

Presentation (n=47) 3.4 (4.4) 3.3 (4.7) 3.4 (4.0)
Completion of treatment (n=33) 0.2 (0.1) 0.2 (0.1) 0.22 (0.0)

Troponin T (ng/L), median (IQR) 19.0 (36.0) 16.0 (54.0) 27.5 (21.0)

IQR = inter-quartile range; BMI = body mass index; LMWH = low-molecular-weight heparin.

*p<0.05;**p<0.001.
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Results
Seventy-seven (77) women had an objectively diagnosed PE during 
the study period, of whom 33 (42.9%) were diagnosed during 
pregnancy and 44 (57.1%) in the postpartum period. The median 
(IQR) age was 29.0 (9.0) years, and the majority (n=73, 94.8%) were 
of black African ethnicity. There were 15 women (19.5 %) living 
with HIV on antiretroviral therapy, and an additional 5 (6.5%) who 
were diagnosed in the current pregnancy. The baseline clinical and 
laboratory characteristics in the pregnant and postpartum PE women 
are described in Table 1. 

Table  2 lists the antepartum and postpartum risk factors in this 

cohort. Of the 59 women with a recorded body mass index (BMI) 
at first antenatal presentation, 20 (33.9%) had a BMI ≥30  kg/m². 
Thrombophilia testing was performed in 44 women (57.1%) post 
treatment. Testing revealed a protein S deficiency in 4 (9.1%), and 
heterozygosity for the non-classical prothrombin gene mutation in 
1 (2.3%). There were 4 (12.1%) pregnant and 4 (9.1%) postpartum 
women classified as high risk for VTE. Of these, only 3 (37.5%) 
women received thromboprophylaxis in the postpartum period, as 
per guideline recommendations (Table  3). Among the women with 
postpartum PE, 31 (70.5%) underwent an emergency caesarean 
delivery, and only 1 (2.3%) received postpartum thromboprophylaxis.

The live birth rate in this study cohort was 84.4% (Table  4). At 
delivery, 14/24 (58.3%) women with an antepartum PE underwent 
a scheduled delivery. The median time interval between the last 
low-molecular-weight heparin (LMWH) dose and delivery/neuraxial 
anaesthesia was 24 (15) hours. There was no significant difference in 
the time intervals between women with scheduled and unscheduled 
delivery modes (31 (15) hours v. 24 (16) hours, p=0.483). Similarly, 
the rates of neuraxial anaesthesia did not differ significantly between 
the two subgroups (p=0.615).

The baseline PE characteristics and testing performed are presented 
in Table  5. There were 50 (64.9%) women with a tachycardia 
>110  beats per minute. Signs of DVT were present in 10 (13.0%) 
women. Compression ultrasound was performed in 14 (18.1%) at 
diagnosis, and the presence of a DVT was verified in 6 (7.8%) of 
the 77 women. The diagnosis was radiologically confirmed using 
CTPA in 57 women (74.0%), and V/Q scan in 27 women (35.1%), 
with 7 women undergoing both investigations. Reasons for carrying 
out both investigations included inconclusive findings on initial 
investigation (n=5), or negative findings on initial investigation 
in women with strong clinical suspicion of a PE (n=2). On CTPA, 
a  segmental PE was the most common type of PE (n=42, 54.5%). 
A diagnosis of multiple PE was confirmed in 35 (45.5%) women, of 
whom 13 (39.4%) were pregnant and 22 (50.0%) were postpartum.

According to the revised Geneva score, 37 (54.4%) of the pregnant 
and postpartum women were classified as intermediate risk. D-dimer 
tests were performed in 23 of the intermediate-risk women, and 
>0.5  mg/L was recorded in 20 (87.0%). Similarly, D-dimers were 
>0.5  mg/L in 9 (90.0%) of the low-risk women. There was no 
significant difference in the median (IQR) scores of pregnant and 
postpartum women (5 (2.5) and 5 (0.5), respectively; p=0.857). For the 
application of the YEARS algorithm, D-dimer tests were not performed 
in 28 (36.3%) women. Among the remaining 49 women, according 

Table 3. Risk stratification of study participants according to 
SASTH guidelines[8] (N=77)

Antepartum (n=33) n (%)
Received 
thromboprophylaxis, n (%)

High risk 4 (12.1) 0 (0)
Intermediate risk or  
>4 low-risk factors

13 (39.4) 3 (27.3)

Low risk 11 (33.3) 0 (0)
No risk factors 5 (15.2) 0 (0)
Postpartum (n=44)
High risk 4 (9.1) 3 (75.0)
Intermediate risk or  
≥2 low-risk factors

32 (72.7) 8 (25.0)

Low risk 6 (13.6) 2 (33.3)
No risk factors 2 (4.5) 0 (0)

SASTH = Southern African Society of Thrombosis and Haemostasis.

Table 2. Risk factors for pulmonary embolism in pregnant 
and postpartum women (N=77)
Variable n (%)
Pregnancy (n=33)
Personal history of VTE 4 (12.1)
Positive family history for VTE 1 (3.0)
Inherited thrombophilia* 4 (17.4)
APLS† 2 (9.5)
Medical comorbidities‡ 13 (42.4)
Systemic infection 6 (18.2)
Age >35 years 8 (24.2)
Parity ≥3 8 (24.2)
Multiple pregnancy 3 (9.1)
Pre-eclampsia with FGR 3 (9.1)
Hospital admission or immobility 4 (12.1)
Gross varicose veins 1 (3.0)
BMI ≥30 kg/m2§ 10 (37.0)
Dehydration/hyperemesis 0 (0)
Postpartum period (n=44)
Personal history of VTE 2 (4.5)
Positive family history for VTE 0 (0)
Inherited thrombophilia* 1 (4.8)
APLS2 2 (9.1)
Medical comorbidities‡ 4 (9.1)
Systemic infection 18 (40.9)
Age >35 years 11 (25.0)
Parity ≥3 12 (27.3)
Multiple pregnancy 6 (13.6)
Pre-eclampsia with FGR 17 (38.6)
Non-obstetric surgery 5 (11.4)
Hospital admission or immobility 16 (36.4)
Gross varicose veins 1 (2.3)
BMI ≥40 kg/m2§ 6 (20.0)
Preterm delivery 18 (40.9)
Stillbirth 3 (6.8)
Elective caesarean delivery 6 (14.6) 
Emergency caesarean delivery 31 (75.6)
Prolonged labour 2 (4.5)
Postpartum haemorrhage 7 (15.9)

VTE = venous thromboembolism; APLS = antiphospholipid syndrome;  
ART = antiretroviral therapy; FGR = fetal growth restriction; BMI = body mass index;  
SLE = systemic lupus erythematosus; DM = diabetes mellitus.
*Testing was performed in 23 women with PE in pregnancy and 21 women with 
postpartum PE.
†Testing was performed in 21 women with PE in pregnancy and 22 women with 
postpartum PE.
‡Medical comorbidities: antepartum included cardiac disease (n=10), active SLE (n=1),  
DM (n=2); postpartum included cardiac disease (n=3),  
DM (n=1), autoimmune hepatitis (n=1).
§BMI was recorded in 27 women with PE in pregnancy and 30 women with postpartum PE.
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to the algorithm, imaging was indicated to rule out PE in 43 (87.8%). 
The most common clinical criterion, which was present in 40 (81.6%), 
was ‘PE as the most likely diagnosis’. No significant difference between 
pregnant and postpartum women was observed (p=0.907).

The anticoagulant characteristics are presented in Table  6. 
All women with PE (n=77, 100%) were managed as inpatients. For 
initial management, 35 (45.5%) were admitted to high care, and 9 
(11.7%) to intensive care, with no significant difference between 
women with antepartum PE and postpartum PE. The median (IQR) 
length of hospital admission was 14 (8) days, with no difference 
between women with antepartum and postpartum PE (p=0.387). 
In the antepartum period, all pregnant women were treated with 
LMWH. In the postpartum period, 76 women initially received 
LMWH for a median (IQR) duration of 11 (6) days. Thereafter, 
35 (79.5%) and 9 (20.5%) women were treated with warfarin and 
rivaroxaban, respectively.

There was one maternal death, in a 38-year-old woman who 
presented with PE at 26 weeks’ gestation. A hysterotomy was 
performed at 29 weeks due to intrauterine fetal death, complicated 
by uterine necrosis, necessitating a total abdominal hysterectomy. 
During her admission, she developed sepsis with organ failure, 
and died of sepsis-related complications. The incidence of major 
antepartum/secondary postpartum bleeding was 1 6.5% (95% 
CI 2.5 - 14.7) (Appendix Table S1). The incidence of major primary 
postpartum bleeding was 3.9% (95% CI 0.9 - 11.3).

Discussion
In this study, more than half (57.1%) of pregnancy-related PE events 
occurred within the first 6  weeks postpartum, a pattern consistent 
with findings from the Registro Informatisado de Enfermedad 
TromboEmbólica (RIETE) registry.[2] Risk factors for VTE were 
prevalent in this study population, with 85% of women having at least 
one antepartum risk factor, and 96% having at least one postpartum 
risk factor. Similarly, in a study of 21 019 Irish women, 75% had at 
least one postpartum risk factor, and ~40% had ≥2. [16]

In this cohort, the most common antepartum risk factors were 
medical comorbidities and obesity. Among black African women, 
the risk of VTE has been linked to factors including cardiac 
disease, HIV infection, chronic hypertension, obesity, sickle cell 
disease and inherited thrombophilias, such as protein S deficiency 
and antithrombin deficiency.[17,18] In this cohort, 23.3% of women 
presented with cardiac disease as an antepartum risk factor for 
VTE,  compared with only 0.2% in the RIETE registry.[2] Our  study 
was conducted at an academic obstetric unit, which may account for 
the higher prevalence of cardiac disease. Additionally, peripartum 
and hypertension-related cardiomyopathy in African populations 
is a contributing risk factor for VTE.[19] Obesity, another major 
contributor to VTE risk, reflects the broader epidemiological transition 
in developing regions toward non-communicable diseases. In our 
cohort, 37% of women with antepartumPE had a BMI ≥30  kg/m². 
Obesity poses an additional challenge in managing thrombosis, as 

Table 4. Obstetric and delivery characteristics (N=77)
Clinical characteristic Total (N=77) Pregnant (n=33) Postpartum (n=44)
Hypertension, n (%) 32 (41.6) 7 (21.2) 25 (56.8)*

Gestational 9 (11.7) 2 (6.1) 7 (15.9)
Chronic 3 (3.9) 2 (6.1) 1 (2.3)
Pre-eclampsia and FGR 20 (26.0) 3 (9.1) 17 (38.6)

Gestational diabetes, n (%) 3 (3.9) 2 (6.1) 1 (2.3)
Delivery characteristic
Live births, n (%) 65 (84.4) 24 (72.7) 41 (93.2)
Intrauterine fetal death, n (%) 5 (6.5) 2 (6.1) 3 (6.8) 
Miscarriage, n (%) 1 (1.3) 1 (3.0) 0 (0.0)
Medical termination of pregnancy, n (%) 6 (7.8) 6 (18.2) 0 (0.0)
Gestational age delivery (weeks), median (IQR)† 37.0 (4.0) 37.5 (2.5) 37.0 (6.0)
Birthweight (g), median (IQR)† 2 547.5 (1 075.0) 2 547.5 (831.5) 2 550.0 (1 455.0)
Mode of delivery, n (%)†

Normal vaginal delivery, n (%) 13 (20) 7 (29.2) 6 (14.6)
Elective caesarean delivery 11 (16.9) 5 (20.8) 6 (14.6)
Emergency caesarean delivery 41 (63.1) 10 (15.4) 31 (75.6)

Anaesthesia, n (%)‡

General 13 (31.7) 6 (46.2) 7 (25.0)
Epidural/spinal 28 (68.3) 7 (53.8) 21 (75.0)

Estimated blood loss at delivery, mL, median (IQR)† 500 (300) 500 (400) 600 (225)
Wound sepsis, n (%) 2 (2.6) 0 (0.0) 2 (4.5)
Postpartum characteristic
Contraception, n (%) 41 (53.2) 14 (42.4) 27 (61.4)*

Contraceptive injection 14 (18.2) 5 (15.2) 9 (20.4)
Bilateral tubal ligation 16 (20.8) 8 (24.2) 8 (18.2)
Intrauterine contraceptive – IUD/IUS 1 (1.3) 1 (3.0) 0 (0.0)
Condom 7 (9.1) 0 (0.0) 7 (15.9)
Oral contraception 3 (3.9) 0 (0.0) 3 (6.8)

FGR = fetal growth restriction; IQR = interquartile range; IUD = intrauterine device; IUS = intrauterine system.
*p<0.01.
†Live births (total = 65, pregnant = 24, postpartum = 41).
‡Caesarean deliveries.

https://firebasestorage.googleapis.com/v0/b/sama-959a2.appspot.com/o/admin_files%2FSAMJ%203722%20appendix%20Table%20S1.docx?alt=media&token=b45a6d1c-0c5d-49a9-816c-89de1093a5f5
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the altered pharmacokinetics may necessitate dose adjustments, 
which are recommended in those at the extremes of weight, together 
with anti-Xa monitoring of LMWH to ensure efficacy. Furthermore, 
30.3% of women with antepartum PE were living with HIV. While 

this is consistent with national antenatal prevalence rates, 60% had a 
high viral load (>50 copies/mL). Further study of unsuppressed HIV 
as a prothrombotic condition is required in this setting.[18] Inherited 
thrombophilia were less common, observed in only 17.4% of women, 

Table 5. Baseline clinical characteristics at pulmonary embolism diagnosis (N=77)
Clinical characteristic Total (N=77) Pregnant (n=33) Postpartum (n=44)
Gestational age at diagnosis, weeks, median (IQR) 28.0 (22.0) 28.0 (22.0) -
Number of days postpartum, median (IQR) 3.0 (6.0) - 3.0 (6.0)
Symptom, n (%)
Chest pain 21 (27.3) 14 (42.4)* 7 (15.9)
Shortness of breath 44 (57.1) 24 (72.7)** 20 (45.5)
Palpitations 5 (6.5) 5 (15.2)** 0 (0.0)
Haemoptysis 2 (2.6) 1 (3.0) 1 (2.3)
Symptoms of DVT 7 (9.1) 5 (15.1) 2 (4.5)
Sign 
Heart rate, bpm, median (IQR) 120 (17) 120 (20) 120 (16)
SBP (mmHg), median (IQR) 126 (25) 126 (21) 126 (25)
DBP (mmHg), median (IQR) 83 (19) 83 (20) 84 (19)
SPO2 (%), median (IQR) 95 (5) 94 (4) 96 (7)
RR, rpm, median (IQR) 20 (10) 20 (8) 22 (6)
Temperature, °C, median (IQR) 36.5 (0.3) 36.5 (0.2) 36.5 (0.6)
GCS, median (IQR) 15 (0) 15 (0) 15 (0)
Signs of DVT, n (%)	 10 (13.0) 7 (21.2) 3 (6.8)
Scoring
Revised Geneva score, n (%)

Low (0 - 1 point) 10 (14.7) 6 (21.4) 4 (10.0)
Intermediate (2 - 6 points) 37 (54.4) 11 (39.3) 26 (65.0)**
High clinical (≥7 points) 21 (30.9) 11 (39.3) 10 (25.0)
Insufficient data to complete scoring, n=9

YEARS algorithm, n (%)
No clinical criteria and D-dimer <1.0 mg/L 0 (0.0) 0 (0.0) 0 (0.0)
No clinical criteria and D-dimer ≥1.0 mg/L 4 (8.2) 1 (4.5) 3 (11.1)
1 - 3 clinical criteria and D-dimer <0.5 mg/L 6 (12.2) 3 (13.6) 3 (11.1)
1 - 3 clinical criteria and D-dimer ≥0.5mg/L 39 (79.6) 18 (81.8) 21 (77.8)
Insufficient data to complete scoring, n=28

Diagnostic investigation, n (%)
Chest X-ray 52 (67.5) 22 (66.7) 30 (68.2)
Electrocardiogram 68 (88.3) 32 (97.0) 36 (81.8)
Echocardiogram 44 (57.1) 27 (81.8) 17 (38.6)
CTPA 57 (74.0) 24 (72.7) 33 (75.0)
V:Q 29 (37.7) 16 (48.5) 13 (29.5)
Compression ultrasound 14 (18.2) 12 (36.4) 2 (4.5)
D-dimer 48 (62.3) 21 (63.6) 27 (61.4)
Baseline CTPA (n=57), n (%)
Pulmonary trunk PE 5 (8.8) 3 (12.5) 2 (6.1)
Main pulmonary artery PE 4 (7.0) 2 (8.3) 2 (6.1)
Lobar pulmonary artery PE 11 (19.3) 4 (16.7) 7 (21.2)
Segmental pulmonary artery PE 42 (73.7) 15 (62.5) 27 (81.8)
Subsegmental PE 13 (22.8) 6 (25.0) 7 (21.2)
Pulmonary trunk size, ≥30 mm 18 (23.4) 10 (30.3) 8 (18.2)
Baseline echocardiogram (n=44)
Tricuspid annular plane systolic excursion (mm), median (IQR) 23 (9) 21 (10) 23 (5)
Pulmonary artery pressure, mm, median (IQR) 52 (70) 52 (72) 51 (59)
Right ventricular systolic dysfunction, n (%) 10 (22.7) 9 (33.3) 1 (5.9)

IQR = interquartile range; DVT = deep-vein thrombosis; SBP = systolic blood pressure; DBP = diastolic blood pressure; SPO2 = oxygen saturation;  
RR = respiratory rate; rpm = respiration per minute; GCS = Glasgow Coma Scale, CTPA = computed tomography pulmonary angiogram;  
V:Q = ventilation-perfusion scan; PE = pulmonary embolism.
*p<0.01; **p<0.05.
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compared with 55% in the RIETE registry. Key postpartum risk 
factors identified included emergency caesarean delivery (CD), 
preterm delivery and systemic infection. To date, clinical risk factors 
have been associated with a modest effect on VTE risk,[10] and a large 
population-based case-controlled study is needed to determine the 
significance of clinical risk factors for antepartum and postpartum 
VTE in black African populations. 

A striking finding was the lack of thromboprophylaxis among 
high-risk antepartum women, despite the presence of well-defined 
risk factors. This is in contrast to the postpartum women in our 
study, 75% of whom received appropriate thromboprophylaxis. 
Furthermore, postpartum thromboprophylaxis was not routinely 
prescribed to women who underwent emergency CD  – who are 
recommended to receive 7  -  10 days of thromboprophylaxis  – 
despite existing guideline recommendations (class IIb, level C).[11] 
Contributing factors may include the absence of structured VTE risk 
assessments during routine antenatal care, limited clinician familiarity 
with guidelines and concerns about bleeding risk, particularly in 
women requiring neuraxial anaesthesia or with high CD rates. 
Nonetheless, the absence of bleeding risk assessments in this study 

may have influenced decisions regarding thromboprophylaxis use 
and its appropriateness in this high-risk population. Resource 
constraints and patient adherence challenges may also play a role, 
although this needs to be investigated further.

The diagnosis of VTE in pregnancy can be challenging. The 
clinical presenting signs and symptoms in the study population, 
which most commonly included tachycardia and dyspnoea, overlap 
with the physiological changes of pregnancy. An unusual finding in 
this study was that only 13% of patients presented with signs and 
symptoms of DVT. This contrasts with the expected concomitant 
DVT rates of 27% in antepartum and 42% in postpartum women 
with PE, as reported in the RIETE registry.[2] One possible 
explanation for this discrepancy is that compression ultrasound 
was not frequently performed, with utilisation in only 18.1% of 
the study population. The preferred specific investigation for the 
diagnosis of PE in this study was CTPA. CTPA is widely available 
in most hospitals, and is the first-line investigation in many 
centres in pregnancy. However, the radiation dose protocols vary 
widely. Recent advances have focused on integrating D-dimer 
testing with clinical decision rules to predict PE in pregnant and 

Table 6. Anticoagulation characteristics (N=77)
Characteristic Total, N=77 Pregnant, n=33 Postpartum, n=44
Hospital setting (initial management), n (%)

High-care inpatient 35 (45.5) 14 (42.4) 21 (47.7)
ICU inpatient 9 (11.7) 5 (15.2) 4 (9.1)

Length of stay, median (IQR) 
High-care inpatient 4 (4) 5 (7) 4 (3)
ICU inpatient 7 (2) 7 (1) 7 (5.5)
General ward inpatient 11 (10) 10 (9) 13 (10)

Anticoagulant
Medical thrombolysis, n (%) 4 (5.2) 3 (9.1) 1 (2.3)
Catheter-directed, n (%) 0 (0) 0 (0) 0 (0)
LMWH, n (%) 76 (98.7) 33 (100) 43 (97.7)

Dose LMWH (mg bd subcutaneously), mean (SD) 80 (20) 80 (20) 80 (20)
Weight adjusted LMWH, n (%) 49 (64.5) 17 (51.5) 32 (74.4)
Anti-Xa adjusted LMWH, n (%) 27 (35.5) 16 (48.5) 11 (25.6)
Anti-Xa antepartum (IU/mL), mean (SD) - 0.6 ± 0.3 -

Warfarin postpartum, n (%) - - 35 (79.5)
Warfarin daily dose at discharge, mg, median (IQR) 5 (2.5) 5 (1.9) 5 (2.5)
TTR, median (IQR) - - 45.3 (55.1)

Rivaroxaban postpartum, n (%) - 9 (20.5)
Duration of treatment (months), median (IQR) 3 (1) 3 (1) 3 (2)
Complication, n (%)

Skin reactions/bruising 2 (2.6) 2 (6.1) 0 (0.0)
Treatment changes due to drug hypersensitivity* 2 (2.6) 2 (6.1) 0 (0.0)
CTEPH† 3 (8.3) 3 (15.8) 0 (0.0)
Post-thrombotic syndrome‡ 0 (0.0) 0 (0.0) 0 (0.0)

Outcome, n (%)
Bleeding

Minor 3 (21.4) 3 (27.3) 0 (0.0)
CRNMB 3 (21.4) 2 (18.2) 1 (33.3)
Major 8 (57.1) 6 (54.5) 2 (66.7)

Recurrent VTE 0 (0.0) 0 (0.0) 0 (0.0)
Death 1 (1.3) 1 (3.0) 0 (0.0)

ICU = intensive care unit; IQR = interquartile range; LMWH = low-molecular-weight heparin; SD = standard deviation; TTR = time in therapeutic range;  
CTEPH = chronic thromboembolic pulmonary hypertension; CRNMB = clinically relevant non-major bleeding; VTE - venous thromboembolism.
*Platelet count dropped >50% after 5 days. LMWH switched to fondaparinux (30 weeks’ gestation). 
The platelet count dropped >50% after 5 days. UFH switched to LMWH. 
†Assessed in 36 participants
‡Assessed in 6 participants with deep-vein thrombosis.
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postpartum women.[12,13] In our cohort, the pregnancy-adapted 
YEARS algorithm was evaluated in 49 women. A high proportion 
(87.8%) met the criterion ‘PE as the most likely diagnosis’, and 
among these, 86% had positive D-dimer results. The adapted 
Geneva score was assessed in 68 women, but it was less effective in 
identifying high clinical probability; only 30.9% were categorised as 
high clinical probability for PE. Nonetheless, when combined with 
D-dimer testing, 87.9% of low- or intermediate-risk women would 
still have required imaging, suggesting a potential role for such 
cost-effective strategies in resource-limited settings.[20] Updated 
guidelines from the European Society of Cardiology[21] recommend 
the use of pretest probability scores and D-dimer testing (class IIa 
recommendation) to safely rule out PE in pregnancy. However, 
a prospective validation of these diagnostic algorithms in pregnant 
SA populations is needed to assess safety and cost-effectiveness.

Management predominantly involved weight-adjusted LMWH, 
reflecting guideline recommendations.[9-11] Owing to the low 
incidence of recurrent VTE or major bleeding events, the utility of 
anti-Xa monitoring could not be fully assessed. Future studies are 
warranted to determine the safety and efficacy of anti-Xa adjusted 
LMWH, especially in women at the extremes of weight or with 
renal impairment.[22] Postpartum treatment typically transitioned 
from LMWH to warfarin, in line with current practice guidelines, 
while direct oral anticoagulants (DOACs) were rarely used owing to 
concerns about safety during breastfeeding.[9]

The maternal mortality directly attributable to PE in this 
cohort was zero. One maternal death occurred due to sepsis-
related complications in a woman with multiple comorbidities 
and postpartum PE. Major bleeding events were observed in 
6.5%  of  cases during the antepartum or secondary postpartum 
period, consistent with similar studies.[23] Primary postpartum 
major bleeding occurred in 3.9% of cases. Notably, the rates 
of both elective and emergency CD were high at this referral 
centre for high‑risk pregnancies, at 17.6% and 60.3%, respectively. 
A  scheduled vaginal delivery is the preferred mode of delivery 
in most situations, with the timing and approach guided by 
obstetric indications.

Study limitations
Several limitations must be acknowledged. First, the study was 
conducted at a single tertiary referral centre, potentially limiting 
generalisability to the broader SA population. Second, D-dimer testing 
was performed in only 61.0% of the participants at presentation, 
which limited interpretation of the pretest probability scores. Third, 
the study was not designed to assess for long-term complications, 
in particular VTE recurrence, post-thrombotic syndrome and 
CTEPH. Nevertheless, the observed CTEPH rate of 8.3%, higher 
than previously reported in non-pregnant populations, warrants 
further investigation.[6] Finally, the lack of a control group precluded a 
comparative analysis, which could have provided additional insights 
into maternal and fetal outcomes.

Conclusion
This study provides important insights into the clinical characteristics, 
management and outcomes of pregnancy-associated PE in a SA 
tertiary centre. Risk factors for PE were found in the majority of 
patients, which can provide guidance for the rational use of antepartum 
and postpartum thromboprophylaxis. The use of a D-dimer test in 
conjunction with pre-test probability scores offers a potentially cost-
effective approach for low-resource settings. Future prospective studies 
are needed to validate these strategies and to better characterise long-
term outcomes in the SA pregnant population.

Data availability. The data sets generated and analysed during the present 
study are available from the corresponding author (ES) on reasonable request. 
Declaration. This study was undertaken as part of the requirements 
for NZ’s Master’s of Medicine (MMed) degree in Haematology at the 
University of the Witwatersrand. 
Acknowledgements. None.
Author contribution. All authors performed the research. Study design, 
concept, data collection, statistical analysis and writing: NZ; study design, 
concept, statistical analysis and writing: ES; study design, concept and 
writing: JZ; study design, concept and writing: HR 
Funding. None.
Conflicts of interest. None.

1.	 Felker A, Patel R, Kotnis R, Kenyon S, Knight M (eds) on behalf of MBRRACE-UK. Saving lives, 
improving mothers’ care compiled report – lessons learned to inform maternity care from the UK 
and Ireland confidential enquiries into maternal deaths and morbidity 2020  - 22. Oxford: National 
Perinatal Epidemiology Unit, University of Oxford, 2024. https://www.npeu.ox.ac.uk/mbrrace-uk/
reports/maternal-reports/maternal-report-2020-2022 (accessed 16 February 2026).

2.	 Elendy IY, Fogerty A, Blanco-Molina A, et al. Clinical characteristics and outcomes of women presenting 
with venous thromboembolism during pregnancy and postpartum period: Findings from the RIETE 
Registry. Thromb Haemost 2020;120(10):1454-1462. https://doi.org/10.1055/s-0040-1714211	 

3.	 Moodley J, Fawcus S, Pattinson R. 21 years of confidential enquiries into maternal deaths in South 
Africa: Reflections on maternal death assessments. O&G For 2020;30(4):4-7. https://journals.co.za/
doi/abs/10.10520/ejc-medog-v30-n4-a2

4.	 Dangwang C, Temgoua V, Agbor AT, Tankeu AT, Noubiap JJ. Epidemiology of venous 
thromboembolism in Africa: A systematic review. J Thromb Haemost 2017;15(9):1770-1781. https://
doi.org/10.1111/jth.13769

5.	 Barillari G, Londero AP, Brenner B, et al. Recurrence of venous thromboembolism in patients with 
recent gestational deep vein thrombosis or pulmonary embolism: Findings from the RIETE Registry. 
Eur J Intern Med 2016;32:53-59. https://doi.org/10.1016/j.ejim.2016.02.013

6.	 Pengo V, Lensing AW, Prins MH, et al. Incidence of chronic thromboembolic pulmonary hypertension 
after pulmonary embolism. N Engl J Med 2004;22(350):2257-2264. https://doi.org/10.1056/
nejmoa032274

7.	 Croles FN, Nasserinejad K, Duvecot JJ, Kruip MJ, Meijer K, Leebeek FW. Pregnancy, thrombophilia, 
and the risk of a first venous thrombosis: Systematic review and Bayesian meta-analysis. BMJ 
2017;359:j4452. https://doi.org/10.1136/bmj.j4452

8.	 Schapkaitz E, de Jong PR, Jacobson BF, Buller HR. Recommendations for thromboprophylaxis in 
obstetrics and gynaecology. S Afr J Obstetr Gynaecol 2018;24(1):24-28. https://doi.org/10.7196/
SAJOG.2018.v24i1.1312

9.	 Bates SM, Rajasekhar A, Middeldorp S, et al. American Society of Hematology 2018 guidelines for 
management of venous thromboembolism: Venous thromboembolism in the context of pregnancy. 
Blood Adv 2018;2(22):3317-3359. https://doi.org/10.1182/bloodadvances.2018024802

10.	 Nelson-Piercy C, MacCallum P, Mackillop L. Royal College of Obstetricians and Gynaecologists (2015) 
Green-top Guideline No. 37a. Reducing the risk of thrombosis and embolism during pregnancy and 
the puerperium. RCOG, 2015. https://www.rcog.org.uk/guidance/browse-all-guidance/green-top-
guidelines/reducing-the-risk-of-thrombosis-and-embolism-during-pregnancy-and-the-puerperium-
green-top-guideline-no-37a/ (accessed 15 February 2026).

11.	 Bates SM, Greer IA, Middeldorp S, Veenstra DL, Prabulos A, Vandvik P. VTE, thrombophilia, 
antithrombotic therapy, and pregnancy: Antithrombotic therapy and prevention of thrombosis, 9th ed: 
American College of Chest Physicians Evidence-Based Clinical Practice Guidelines. Chest 2012;141(2 
Suppl):e691S-736S. https://doi.org/10.1378/chest.11-2300

12.	 Robert-Ebadi H, Elias A, Sanchez O, et al. Assessing the clinical probability of pulmonary embolism 
during pregnancy: The Pregnancy Adapted Geneva (PAG) score. J Thromb Haemost 2021;19(12):3044-
3050. https://doi.org/10.1111/jth.15521

13.	 Van der Pol LM, Tromeur C, Bistervels IM, et al. Pregnancy-adapted YEARS algorithm for diagnosis 
of suspected pulmonary embolism. N Engl J Med 2019;380(12):1139-1149. https://doi.org/10.1056/
nejmoa1813865

14.	 Langlois E, Cusson-Dufour C, Moumneh T, et  al. Could the YEARS algorithm be used to exclude 
pulmonary embolism during pregnancy? Data from the CT-PE-pregnancy study. J Thromb Haemost 
2019;17(8):1329-1334. https://doi.org/10.1111/jth.14483

15.	 Tardy B, Chalayer E, Kamphuisen PW, et  al. Definition of bleeding events in studies evaluating 
prophylactic antithrombotic therapy in pregnant women: A systematic review and a proposal from the 
ISTH SSC. J Thromb Haemost 2019;17(11):1979-1988. https://doi.org/10.1111/jth.14576

16.	 O’Shaughnessy F, Donnelly JC, Bennett K, Damkier P, Ainle FN, Cleary BJ. Prevalence of postpartum 
venous thromboembolism risk factors in an Irish urban obstetric population. J Thromb Haemost 
2019;17(11):1875-1885. https://doi.org/10.1111/jth.14568

17.	 Philipp CS, Faiz AS, Beckman MG, et al. Differences in thrombotic risk factors in black and white 
women with adverse pregnancy outcome. Thromb Res 2014;133(1):108-111. https://doi.org/10.1016/j.
thromres.2013.10.035

18.	 Schapkaitz E, Libhaber E, Rhemtula H, et al. Pregnancy-related venous thromboembolism and HIV 
infection. Int J Gynaecol Obstet 2021;155(1):110-118. https://doi.org/10.1002/ijgo.13596 

19.	 Sliwa K, Libhaber E, Elliott C, et al. Spectrum of cardiac disease in maternity in a low-resource cohort 
in South Africa. Heart 2014;100(24):1967-1974. https://doi.org/10.1136/heartjnl-2014-306199

20.	 Bellesini M, Robert-Ebadi H, Combescure C, Dedionigi C, le Gal G, Righini M. D-dimer  to rule 
out venous thromboembolism during pregnancy: A systematic review and meta-analysis. J Thromb 
Haemost 2021;19(10):2454-2467. https://doi.org/10.1111/jth.15432

21.	 Regitz-Zagrosek V, Roos-Hesselink JW, Bauersachs J, et  al. ESC Scientific Document Group. 2018 
ESC guidelines for the management of cardiovascular diseases during pregnancy. Eur Heart J 
2018;39(34):3165-3241. https://doi.org/10.1093/eurheartj/ehy340

22.	 Baglin T, Barrowcliffe TW, Cohen A, Greaves M. Guidelines on the use and monitoring of heparin. Br 
J Haematol 2006;133(1):19-34. https://doi.org/10.1111/j.1365-2141.2005.05953.x

23.	 Jacobson B, Rambiritch V, Paek D, et al. Safety and efficacy of enoxaparin in pregnancy: A systematic 
review and meta-analysis. Adv Ther 2020;37(1):27-40. https://doi.org/10.1007/s12325-019-01124-z

Received 31 May 2025; accepted 21 January 2026.


