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ABSTRACT

OBJECTIVE: To study the association between patient-related risk factors and severe 
maternal morbidity in women with tubal ectopic pregnancy (EP). Furthermore, to identify 
substandard care factors in clinical care management of EP.

DESIGN: Case-control study.

SETTING: Not applicable.

PATIENT(S): Case subjects were from the LEMMoN study, a prospective nationwide cohort 
study. Control subjects were from the ESEP study, an international multicentre randomised 
controlled trial.

INTERVENTION(S): Case subjects were women with tubal EP complicated by severe 
intra-abdominal haemorrhage necessitating blood transfusion of ≥4 units of packed red 
blood cells peri- or postoperatively. Control subjects were women with tubal EP who were 
haemodynamically stable and surgically treated.

MAIN OUTCOME MEASURE(S): Patient-related risk factors as: maternal age, gestational 
age, previous EP, Chlamydia infection, pelvic inflammatory disease, assisted reproductive 
techniques, and serum hCG level. Substandard care categories classified as unawareness of 
the clinician, misdiagnosis, and nonadherence to the guideline on EP.

RESULT(S): Twenty-nine case subjects and 99 control subjects were included. The mean 
serum hCG level was significantly higher in case subjects compared with control subjects, 
but we found no reliable cut-off level of serum hCG to rule out maternal morbidity. Other 
risk factors did not differ significantly. Substandard care was scored more often in case 
subjects (43%) than in control subjects (14%), mainly concerning misdiagnosis.

CONCLUSION(S):  No patient-related risk factors for severe intra-abdominal haemorrhage 
in women with tubal EP were identified. Our findings underpin the importance of awareness 
of EP among young fertile women and care providers and clinical care management 
according to the guidelines to prevent severe maternal morbidity.
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INTRODUCTION

Ectopic pregnancy (EP) is a common medical condition. The incidence of EP is 10 to 20 per 
1,000 live births (1). EP can be a life-threatening condition as a result of tubal rupture with 
massive intra-abdominal bleeding resulting in shock (2). Because fatal cases are rare and 
therefore not well suited for studying the quality of care in women with EP, an alternative 
quality indicator is provided by severe maternal morbidity.
It is unknown whether patient-related risk factors for EP are involved in severe maternal 
morbidity in women with EP. Cohort studies on risk factors for tubal rupture show 
contradictory results (3-6). One study found tubal rupture more often in women with at 
least one child and no history of EP (5). Other studies concluded that tubal rupture cannot 
be predicted on the basis of any known risk factor, transvaginal sonography (TVS) finding, or 
serum hCG level (3, 7, 8). More recently, parity, a previous EP, and serum hCG level ≥5,000 
IU/L were reported to be significant risk factors for tubal rupture (4, 6). All of these studies 
were retrospective cohort studies and investigated perioperative findings of tubal rupture 
but did not take clinical and diagnostic findings into account. In a prospective cohort study, 
abdominal pain, rebound tenderness, fluid in the pouch of Douglas on TVS, and a low serum 
haemoglobin level were reported as independent predictors of tubal rupture and/or active 
intra-abdominal bleeding (9).
To improve women’s health, evidence-based guidelines on early and accurate diagnosis 
and treatment of EP have been developed worldwide (10-12). Despite these guidelines, the 
maternal mortality ratio (MMR) for EP in the past decades has remained static, albeit at a 
low level (2). How substandard care plays a role in this phenomenon is unknown. Prevention 
of severe maternal morbidity in EP thus remains a major challenge.
We performed a case-control study on the association between patient-related risk factors 
and the occurrence of massive intra-abdominal haemorrhage in women with tubal EP. 
Furthermore, we identified substandard care factors in clinical care management of EP.

METHODS

Assessment of Patient-Related Risk Factors

To study whether patient-related risk factors are involved in severe maternal morbidity, 
we performed a case-control study. Women with a tubal EP complicated by severe intra-
abdominal haemorrhage (case subjects) were compared with haemodynamically stable 
women who were surgically treated for tubal EP (control subjects).
Cases were defined as women with a tubal EP complicated by severe intra-abdominal 
haemorrhage necessitating a transfusion of ≥4 units of packed red blood cells. These women 
were collected from the LEMMoN (nationwide enquiry into the role of ethnicity in severe 
maternal morbidity in the Netherlands) study, a 2-year nationwide prospective study that 
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reported on the incidence, case fatality rate, risk factors, and substandard care in severe 
acute maternal morbidity (SAMM) in the Netherlands. All women with SAMM between 
August 2004 and August 2006 were collected (13). That study was centrally approved by the 
Medical Ethics Committee of Leiden University Medical Centre (P04-020; March 8, 2004). 
Major obstetric haemorrhage, defined as transfusion of ≥4 units of packed red blood cells, 
accounted for one-half of all cases of SAMM. From that group, we selected all women with 
an EP as a derivative of severe intra-abdominal bleeding. Because of their rarity, heterotopic 
and nontubal EPs were excluded. 
Control subjects were collected from women who had been operated for tubal EP in 
The Netherlands as part of the ESEP (European Surgery in Ectopic Pregnancy) study 
(ISRCTN37002267), an ongoing international multicentre randomised controlled trial that 
started in October 2005, comparing salpingotomy and salpingectomy in hemodynamic 
stable women with a tubal EP and a healthy contralateral tube (14). Approval for that 
study was obtained from the Medical Ethics Committee of the Academic Medical Centre 
(MEC 03/262). We included women who were enrolled between October 2005 and June 
2009. Women in the ESEP study with transfusion of ≥4 units of packed red blood cells were 
excluded as control subjects.
Clinical data from case and control subjects were retrospectively collected from the 
blinded case record forms. Additional data were made available by the coordinators from 
the LEMMoN and ESEP studies. The collected data were baseline findings, patient-related 
risk factors, and substandard care indicators. Baseline findings were clinical symptoms 
at presentation, type of surgery, and perioperative findings. Patient-related risk factors 
were maternal age, gestational age, and serum hCG level at time of surgery, gravidity, 
parity, previous miscarriage, previous termination of pregnancy (TOP), history of EP, molar 
pregnancy, genital Chlamydia trachomatis infection, pelvic inflammatory disease (PID), 
diethylstilbestrol (DES) exposition, and assisted reproductive techniques (ART).

Assessment of Substandard Care

In the Netherlands, a guideline for EP has been available since 2001 describing a non-
invasive diagnostic algorithm together with evidence-based treatment suggestions for 
surgery, medical treatment with systemic methotrexate, and expectant management (11). 
The diagnostic algorithm is based on TVS and serial serum hCG monitoring as shown in 
Figure 1 (15).

Substandard care was scored into three categories in which improvement in clinical care 
management could be made. Substandard care was scored independently by three authors, 
based on the decision of the care provider (general practitioner, emergency physician, 
midwife, or gynaecologist), clinical symptoms, sonographic findings, serum hCG levels, and 
timing of re-evaluation or intervention, into the following categories: 
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Figure 1. Flowchart guideline for tubal ectopic pregnancy (EP) diagnosis and treatment. 
IUP: intrauterine pregnancy; PUL: pregnancy of unknown location; TVS: transvaginal sonography. 
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1.  “Unawareness”: possibility of EP never considered by the general practitioner,   
 emergency physician, or midwife and therefore no referral to a gynaecologist.
2.  “Misdiagnosis”: nonviable intrauterine pregnancy (IUP) or miscarriage diagnosed on  
 TVS by the gynaecologist.
3.  “Nonadherence to the guideline”: 
 a.  Diagnostic delay: probable EP but no or delayed serum hCG monitoring.
 b.  Therapeutic delay: intervention for EP indicated but no or delayed treatment.

Data Analysis

The dataset was analysed with the use of SPSS software. Shapiro-Wilk tests were applied to 
assess the normality of the data. Normally distributed group differences were tested with 
the unpaired Student t test. When data were not normally distributed, the nonparametric 
Mann-Whitney test was applied. The frequencies or categoric variables were compared with 
the χ2 test. Based on the probabilities, we calculated P values for the occurrence of severe 
maternal morbidity from EP, i.e., the necessity of a blood transfusion of ≥4 units of packed 
red blood cells. The association between potential patient-related risk factors and the 
occurrence of severe maternal morbidity was addressed in a univariable and multivariable 
analysis. The association between each variable and the occurrence of severe maternal 
morbidity was expressed as P value in univariable analysis. Multivariable logistic regression 
analysis was used to estimate the contribution of potential patient-related risk factors to the 
occurrence of severe maternal morbidity. The multivariable analysis included all potential 
risk factors with P values <.50 in the univariable analysis. For the continuous variable 
serum hCG level, we estimated diagnostic cut-off levels ranging from 2,000 IU/L, based on 
the discriminatory zone principle in the guideline (15), to 5,000 IU/L in concordance with 
literature on risk factors for tubal rupture (4). The substandard care differences between 
case and control subjects were tested with the two-sided Fisher exact test owing to the 
small numbers in each category.

RESULTS

We identified 32 case and 101 control subjects. We excluded three case subjects, i.e., two 
heterotopic pregnancies and one interstitial EP, and two control subjects who received ≥4 
units of packed red blood cells, thus leaving 29 case and 99 control subjects.
The baseline characteristics are described in Table 1. The average number of missing values 
of patient-related risk factors was equally distributed between case and control subjects. As 
expected, haemorrhagic shock and rebound tenderness were more present in case than in 
control subjects. Surgery was started by laparotomy in six case subjects (21%) and all of the 
control subjects. Conversion to laparotomy occurred in 11 case subjects (34%) compared 
with one control subject (1%). Salpingectomy was performed in 27 case subjects (93%) and 
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Table 1. Baseline characteristics

Clinical symptoms Cases (n) (%) Controls (n) (%)

Abdominal pain yes 28 96.6 87 87.9

no 0 0 10 10.1

unknown 1 3.4 2 2

Vaginal bleeding yes 17 58.6 75 75.8

no 8 27.6 19 19.2

unknown 4 13.8 5 5.1

Haemorrhagic shock yes 14 48.3 1 1

no 11 37.9 93 93.9

unknown 4 13.8 5 5.1

Rebound tenderness yes 14 48.3 10 10.1

no 10 34.5 84 84.8

unknown 5 17.2 5 5.1

Treatment and peri-operative findings

Abdominal surgery laparotomy 6 20.7 0 0

laparoscopy 23 79.3 99 100

Conversion laparoscopy to laparotomy yes 11 37.9 1 1

no 12 41.4 98 99

not applicable 6 20.7 0 0

Tubal surgery salpingectomy 27 93.1 55 55.6

salpingotomy 2 6.9 44 44.3

Conversion salpingotomy to salpingectomy yes 1 3.4 9 9.1

no 1 3.4 35 35.4

not applicable 27 93.1 55 55.6

Contra lateral tubal pathology yes 4 13.8 1 1

no 23 79.3 97 98

unknown 2 6.9 1 1

Units of packed red blood cells 0 0 0 91 93.8

2 0 0 5 5.2

3 0 0 1 1

≥ 4 29 100 0 0

Tubal rupture yes 21 72.4 15 15.2

no 6 20.7 78 78.8

unknown 2 6.9 6 6.1

Estimated blood loss (mL) mean SD mean SD

blood loss mL 2362.5 876.9 357.4 501.4

Medical history

History of tubal pathology yes 4 13.8 2 2

no 17 58.6 80 81.6

unknown 8 27.6 16 16.3
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Table 2. Patient related risk factors

Cases (n) Controls (n)  

mean SD mean SD p-value

Maternal age 
(years)

32.6 5.1 31.9 5.9 0.54  (-1.77 - 3.4)

Gestational age at time
of surgery (days)

47.4 19.5 45 14.0 0.58 (-6.34 - 11)

Cases (n) % Controls (n) % Odds ratio

(95%CI) 

p-value

Gravidity 1 10 35.7 20 22 1.97 (0.8-4.9)

2 9 31.2 23 25.3

≥3 9 33.1 48 52.8 0.14

Parity 0 13 46.4 37 40.7 1.26 (0.5-3.0)

1 10 35.7 30 33

≥2 5 17.9 24 26.4 0.65

Miscarriage 0 25 92.6 67 74.4 4.29 (0.9-19.5)

1 1 3.7 14 15.6

≥2 1 3.7 9 10 0.13

TOP 0 22 80.8 64 71.9 1.72 (0.6-5.0)

1 4 15.4 16 18

≥2 1 3.8 9 10.1 0.51

EP 0 23 92 84 94.4 1.46 (0.3-8.0)

≥1 2 8 5 5.6 0.65

Molar pregnancy yes 0 0 0 0 n.a.

no 29 100 99 100

Genital Chlamydia yes 2 6.9 10 10.2 1.11 (0.2-5.9)

no 9 31 50 51 0.9

unknown 18 62.1 38 38.8

PID yes 2 7.1 2 2 5.6 (0.7-44.5)

no 10 32.1 56 57.1 0.07

unknown 17 60.7 40 40.8

DES exposure yes 0 0 4 4.1 0.36 (0.02-6.8)

no 29 100 94 95.5 0.27

ART yes 6 20.7 16 16.2 1.56 (0.5-4.6)

no 18 62.1 75 75.8 0.4

unknown 5 17.2 8 8

ART in current 
pregnancy

yes 4 13.8 12 12.1 1.23 (0.4-4.2)

no 20 69.0 74 74.7 0.74

unknown 5 17.2 13 13.1
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55 control subjects (56%); the control subjects were randomised (1:1) between salpingotomy 
and salpingectomy. A history of tubal pathology was present in four case subjects (14%) and 
two control subjects (2%).
Data on potential patient-related risk factors are provided in Table 2. In the univariable 
analysis, maternal age, gestational age at time of surgery, gravidity, parity, previous 
miscarriage, previous TOP, history of EP, molar pregnancy, genital Chlamydia trachomatis 
infection, PID, DES exposition, and ART did not differ significantly between the case and 
control subjects. The mean serum hCG level at time of surgery was significantly higher 
in the case compared with the control subjects: 13,648 IU/L ± 18,906 versus 5,974 IU/L  
± 11,873, respectively (P=.04). The multivariable analysis included gravidity (odds ratio [OR] 
2.0, 95% CI: 0.8-4.9), miscarriage (OR 4.3, 95% CI: 0.9-19.5), PID (OR 5.6, 95% CI: 0.7-44.5), 
DES, ART (OR 1.6, 95% CI: 0.5-4.6), and perioperative serum hCG level, because these were 
all potential patient-related risk factors with P values <.50 in the univariable analysis. In 
the multivariable analysis, no reliable estimation could be made for miscarriage, PID, DES, 
and previous ART, because the groups were too small. The only significant risk factor in the 
multivariable analysis was the perioperative serum hCG level, and gravidity and pregnancy 
after IVF did not contribute. The stratification of serum hCG levels showed that the specificity 
of the cut-off serum hCG levels did not exceed 74%, indicating that serum hCG cut-off levels 
were not specific enough to rule out the possibility of severe intra-abdominal bleeding.
For the substandard care analyses we excluded 15 of the 29 women with severe intra-
abdominal haemorrhage. These women presented with hemodynamic instability at first 
presentation and required emergency surgery. Data were insufficient to deduce whether 
these women were asymptomatic, did not seek medical attention despite clinical symptoms, 
did not follow medical advice, or received inadequate or incorrect medical evaluation.

Mean SD Mean SD

Serum hCG concentration at
time of surgery (IU/L) 

13,648 18,906 5,974 11,873        0.04

Cut-off levels 

serum hCG:

Cases (n) Controls (n) Sensitivity / 

Specificity

0-2,000 5 45

>2,000 14 51 0.74 / 0.47

0-3,000 7 52

>3,000 12 44 0.63 / 0.54

0-4,000 9 62

>4,000 10 34 0.53 / 0.65

0-5,000 9 71

>5,000 10 25 0.53 / 0.74

Cases: women with ectopic pregnancy complicated by severe haemorrhage necessitating blood transfusion of four or more 
units of packed red blood cells. Controls: women with ectopic pregnancy, haemodynamically stable and surgically treated
ART = assisted reproductive treatment; DES = diethylstilbestrol; EP = ectopic pregnancy; hCG = human chorionic gonadotrophin; 
PID = pelvic inflammatory disease; SD = standard deviation; TOP = termination of pregnancy
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The substandard care categories of the case and control subjects are described in Table 
3. Overall, the incidence of substandard care was significantly higher in the case subjects 
(6/14) compared with the control subjects (14/99): 43% versus 14%, respectively (P=.02).
The category “misdiagnosis” was significantly more frequent in the cases than in the control 
group. “Unawareness” and “nonadherence to the guideline” were equally present in both 
groups.

Table 3. Substandard care

Category Cases 

n=14 

Controls

n=99

p-value*

1. “unawareness”
possibility of EP never considered by the general practitioner, 
midwife or emergency physician, no referral to gynaecologist 

2 (14%) 4 (4%) 0.16

2. “misdiagnosis”
non-viable IUP or miscarriage diagnosed at TVS by the gynaecologist

3 (21%) 2 (2%) 0.01

3. “non-adherence to the guideline”

   a. diagnostic delay
   probable EP but no or delayed serum hCG monitoring 

0 (0%) 2 (2%) 0.99

   b. therapeutic delay
   intervention for EP indicated but no or delayed treatment 

1 (7%) 6 (6%) 0.99

Total Substandard care 6 (43%) 14 (14%) 0.02

Cases: women with EP complicated by severe haemorrhage necessitating blood transfusion of four or more units of packed red 
blood cells. Controls: women with EP, haemodynamically stable and surgically treated. 
EP = ectopic pregnancy; IUP = intra uterine pregnancy; na = not applicable; TVS = transvaginal sonography 
*Fisher’s exact, two-sided p value 

DISCUSSION

We were unable to identify patient-related risk factors that contributed to maternal morbidity 
in terms of severe intra-abdominal haemorrhage in women with EP. Although we found that 
the mean serum hCG level was different between the case and control subjects, the serum 
hCG cut-off level of 2,000 IU/L for therapeutic management of EP that is implemented in 
the Dutch guideline did not have any specific diagnostic or clinical value in predicting severe 
intra-abdominal haemorrhage, nor did a serum hCG cut-off level up to ≥5,000 IU/L.
The strength of the present study is the unique group of well-defined prospectively collected 
and nationwide gathered cases with severe intra-abdominal haemorrhage complicating 
tubal EP that could be compared with a control group of haemodynamically stable women 
surgically treated for tubal EP. In our view, intra-abdominal haemorrhage is a clinically more 
relevant outcome than tubal rupture in itself, which is supported by the presence of several 
tubal ruptures in the control group.
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Some limitations of this study should be considered. We used the need of transfusion of 
≥4 units of packed red blood cells to define severe maternal morbidity caused by intra-
abdominal haemorrhage from an EP. This definition was based on the inclusion criterion 
used by the LEMMoN study, which provided our case subjects. We acknowledge that this 
criterion limits the number of case subjects, because women were excluded who needed 
transfusion of <4 units of packed red blood cells or with a significant fall in haemoglobin 
level but who avoided transfusion. On the other hand, there is no internationally accepted 
definition of severe maternal morbidity, and ≥4 units of packed red blood cells seems to 
be a fairly realistic representation of severe maternal morbidity (13). Although case and 
control subjects were collected in a slightly different time frame, it seems to be unlikely that 
this had any effect on the outcome maternal morbidity, because diagnostic and therapeutic 
management of EP in the Netherlands did not change during those years.
Another limitation is the relatively small sample size. Most women with EP do not require 
massive blood transfusion in case of tubal rupture. There is a possibility that the lack of any 
obvious risk factor is the result of a type II error. We were unable to report on the risk factor 
low socioeconomic status. Data on the number of women from ethnic minorities, ability to 
communicate in Dutch, and level of home support were available only for the case subjects. 
In the LEMMoN study, ethnicity was an important risk factor for combined severe maternal 
morbidity, with a 3.5-fold (95% CI: 2.8-4.3) increased risk for sub-Saharan African women 
(16).
Almost one-half of the 29 women with severe maternal morbidity were haemodynamically 
unstable at first visit and had to be operated on immediately. Probably owing to the 
emergency of the situation, clinical data were frequently sparse or missing, which hampered 
the analysis of risk factors and preceding complaints or clinical symptoms. From the available 
data, we hypothesize that within this group a proportion is represented by women who 
were unaware of their risk of EP or even of being pregnant and did not seek medical care. 
Because young, sexually active, and fertile women are increasingly at risk of EP, it will be a 
major challenge to increase awareness among these women (17).
We identified substandard care more often in women with severe maternal morbidity, 
particularly in the category “misdiagnosis”. In these women the gynaecologist incorrectly 
diagnosed an IUP based on misinterpreted TVS findings. Thus, there may be room for 
improvement of ultrasound skills of care providers. No other differences in substandard 
care between the case and control subjects were found. It is known that patients within a 
trial may be monitored more strictly than in routine clinical practice. However, differences 
between case and control subjects would be smaller rather than larger with “care as usual” 
instead of being a subject of a study.
Evidence-based guidelines, education, and skills training of care providers in the evaluation 
of women with early pregnancy complications are all important topics to improve patient 
care. Guidelines are especially useful where there are unexplained variations in clinical 
practice and for the recognition of persisting substandard care. The implementation 
of guidelines is known to be a challenge. A study measuring actual care in women with 
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suspected EP found an overall adherence to the guidelines of 75%, but revealed a high 
potential for improvement, especially in adherence to the diagnostic algorithm for EP (18).
There is a variety in education and skills training in early pregnancy ultrasound. In the UK, 
the Royal College of Obstetricians and Gynaecologists recommends an advanced training 
skill module in early pregnancy for all registrars in year 6 or 7. In The Netherlands as well as 
in the USA, residents are certified as part of their residency. Training or graduate medical 
education in early pregnancy ultrasound is only optional and may compete with other topics.
Recently, there is a growing interest in centralizing early pregnancy care in early pregnancy 
assessment units (EPAU) run by experienced and dedicated staff appropriately trained in 
(transvaginal) ultrasound (19, 20). In the UK, more than 250 EPAUs have been established 
(www.earlypregnancy.org.uk). The Netherlands is now following this development (21). 
The potential effectiveness of these units still needs to be investigated. Nonetheless, early 
pregnancy problems require special care. By centralizing care and knowledge, over- and 
under diagnosis and treatment of EP could be prevented.
In conclusion, we found no patient-related risk factors for severe intra-abdominal 
haemorrhage in women with tubal EP. Our findings underscore the importance of awareness 
of EP among young fertile women and care providers and clinical care management 
according to the guidelines to prevent severe maternal morbidity.
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