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CONDENSATION

SHiP is a serious complication of pregnancy, associated with adverse pregnancy outcomes. Since
preventive measures are lacking, growing awareness and timely recognition is advocated, especially

in women diagnosed with endometriosis.
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Abstract: Spontaneous Hemoperitoneum in Pregnancy (SHiP), an unprovoked (nontraumatic)
intraperitoneal bleeding in pregnancy (up to 42 days postpartum), is associated with serious adverse
pregnancy outcomes. To evaluate the clinical consequences of SHiP and its association with
endometriosis, a systematic review was conducted according to the PRISMA guidelines. PubMed,
Embase.com and Thomson Reuters/Web of Science were searched for articles published since the

latest review (August 2008) until September 2016.

After assessment for eligibility, forty-four articles were included in this systematic review, describing
59 cases of SHiP. Endometriosis was present in 33/59 cases (55.9%), most often diagnosed prior to
pregnancy. An association between the severity of SHiP and the stage of endometriosis could not be
found. In the majority of cases, SHiP occurred in the third trimester of pregnancy (30/59 cases
(50.8%)); women presented with (sub)acute abdominal pain (56/59 cases (94.9%)), hypovolemic
shock (28/59 cases (47.5%)) and/or a decreased level of hemoglobin (37/59 cases (62.7%)). Signs of
fetal distress were observed in 24/59 cases (40.7%). Imaging confirmed free peritoneal fluid in (37/59
cases (62.7%)). At time of surgery active bleeding was revealed in 51/56 cases (91,1%), originating
from endometriotic implants (11/51 cases (21.6%)), ruptured utero-ovarian vessels (29/51 cases
(56.8%)), hemorrhagic nodules of decidualized cells (1/51 cases (2.0%)) or a combination (10/51
cases (19.6%)). Median amount of hemoperitoneum was 1600mL (IQR 1000mL-2500mL). From the

45/59 cases (76.3%) in which surgical interventions was carried out during pregnancy, 7/45 cases
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(15.6%) reported a successful continuation of pregnancy. 5/59 cases reported recurrence of SHiP
(recurrence rate 8.5%). The perinatal mortality rate was 26.9% (18/67 fetus), one maternal death

was reported (1/59 cases (1,7%)).

In conclusion, SHiP is a very serious complication of pregnancy, highly associated with adverse
pregnancy outcomes and particularly relevant to women with endometriosis. Currently preventive
measures are lacking, therefore increasing the awareness and recognition of SHiP is crucial to

improve pregnancy outcomes.

KEYWORDS (3-5 key words) Pregnancy, Hemoperitoneum, Endometriosis

INTRODUCTION

Spontaneous Hemoperitoneum in Pregnancy (SHiP), an unprovoked (nontraumatic) intraperitoneal
bleeding in pregnancy (up to 42 days postpartum), is associated with serious adverse pregnancy
outcomes. (1, 2) SHiP was first described in the late 18™ century (3) and since then high maternal
mortality rates were reported (Williams 1904 (4), 18/32 cases (56%); Hodgkinson et al. 1950 (5),
37/75 cases (49%)). Rates were even higher in women giving birth. (5) In the last decades of the 20"
century, the maternal mortality rate decreased significantly (Ginsburg et al. 1987 (1), 1/28 cases
(4%); Brosens et al 2009 (2), 0/25 cases (0%)), however perinatal mortality remained substantially
high (10/28 cases (36%)). (2)

Although the exact etiology of SHiP is still unknown, endometriosis and the use of controlled ovarian
hyperstimulation for artificial reproductive techniques (ART) seems to be contributive factors in the
occurrence and severity of SHiP. (2, 6) This is of importance, as ART is more frequently used in
women diagnosed with endometriosis (7). To gain a better insight in this potentially life-threatening
complication of pregnancy and evaluate the clinical consequences, a systematic review of the recent

literature published since the latest review of Brosens et al. in 2009 (2), was conducted.

MATERIALS AND METHODS
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A review protocol was developed based on the Preferred Reporting Items for Systematic Reviews and

Meta-Analysis (PRISMA)-statement (www.prisma-statement.org). (8) For this paper, no approval of

the institutional review board was required, since data were extracted from previously published

reports.
SEARCH STRATEGY

PubMed, Embase.com and Thomson Reuters/Web of Science were searched from August 2008 (2)(by
MCIL and JCFK). PubMed and Embase.com up to September 15, 2016 and Thomson Reuters/Web of
Science up to September 21, 2016. The following terms were used (including synonyms and closely
related words) as index terms or free-text words: ‘haemoperitoneum’, ‘rupture’, ‘blood vessels’,
‘spontaneous’, ‘pregnancy’, ‘post-partum’, ‘labor’ and ‘endometriosis’. Duplicate articles were
excluded. Reference lists of the retrieved publications were checked for relevant articles. The full

search strategies for all databases can be found in the Supplementary Information (appendix I).
ELIGIBILITY CRITERIA

All case reports, case series, cross-sectional studies, prospective and retrospective cohort studies
were considered for inclusion when they reported on spontaneous intra-abdominal bleedings in
pregnancy, labor or within six weeks of the postpartum period. Only full-text reports were
considered for inclusion, congress abstracts and poster-presentations were excluded. The search was
limited to articles published in English. Articles reporting on cases of uterine ruptures, ectopic
pregnancies, caesarean scar pregnancies, placental abnormalities, uterine abnormalities, artery
(pseudo)aneurysm ruptures, trauma, hemolysis elevated liver enzymes and low platelets (HELLP)
syndrome, pre-eclampsia, liver- or splenic rupture, malignancies, ruptured ovarian cysts and
postpartum hemorrhage (PPH) were excluded (non-SHiP bleedings). Eligibility assessment of the
retrieved articles was performed by two authors (MCIL and RFM) independently (not blinded). In
case of doubt or disagreement regarding in- or exclusion, a third author (VM) was consulted to

establish consensus. The flow diagram of the systematic literature search is shown in [figure 1].
DATA EXTRACTION

Data extraction was performed by two authors independently (MCIL and RFM). Items that were
included reported about general patient characteristics, clinical presentation, diagnostics,
characteristics of the bleeding, treatment, perinatal and maternal outcomes. Authors were contacted
in case additional information was required. Since only case reports and case-series were found, the

quality of the obtained studies was not assessed.
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STATISTICAL ANALYSIS

Categorical variables were summarized by frequencies and percentages. Continuous variables were
summarized by mean and standard deviation in case of normal distribution and median and inter-
quartile range in case of a non-normal distribution. Categorical variables were compared between
group with and without endometriosis using chi-square test or Fisher’s exact test in case expected
cell count was below 5 for at least one cell. Continuous variables were compared between groups
using the independent samples t-test in case of a normal distribution and the Mann-Whitney test in
case of non-normal distribution. Two sided p-values < 0.05 were considered to indicate statistical
significance. IBM Statistical Package for Social Sciences (SPSS) version 22.0 (IBM Corp., USA) was used

for statistical analyses.
RESULTS
IDENTIFICATION OF THE LITERATURE

The initial literature search identified 2132 records. Five additional records were identified by
checking other sources and references lists. After removal of the duplicates, 1885 records were
screened for eligibility; of which 126 records were selected for full-text assessment. From these
records 82 articles were excluded for the following reasons; not written in English (n=13), no report
of primary data (n=2), no availability of full-text article (in case of congress abstracts or poster-
presentations, n=13), reported on other causes of intra-abdominal bleeding (“non-SHiP bleedings” as

mentioned in the in- and exclusion criteria, n=58).

Eventually forty-four articles were included in the analysis (9-52). All articles that were eligible for
inclusion were either case reports or case-series and described a total of 59 cases of SHiP. A summary

of the cases is given in [table 1].
PATIENT CHARACTERISTICS

Nulliparous women represented 40/59 cases (67.8%), 7/59 (11.9%) being twin pregnancies. 16/59
pregnancies (27.1%) were conceived after ART. Mean age was 31.5 (SD +4.7). Endometriosis was
present in 33/59 cases (55.9%; 6.1% rASRM stage I-1l; 75.7% rASRM stage llI-IV; 18.2% rASRM stage
unknown); the majority of these women 22/33 cases (66.7%) were known to have surgically

confirmed endometriosis, prior to pregnancy.

CLINICAL PRESENTATION & DIAGNOSTICS
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The onset of SHiP varied from 6 weeks of gestation up to 30 days postpartum, in the majority of
cases SHiP occurred in the third trimester of pregnancy (30/59 cases (50.8%)). Women presented
with (sub)acute abdominal or flank pain (56/59 cases (94.9%)) in combination with signs of
hypovolemic shock (28/59 cases (47.5%)) and/or a decreased level of hemoglobin (37/59 cases
(62.7%)). Signs of fetal distress (abnormal or absent fetal cardiac activity) were observed in 24/59
cases (40.7%). Free peritoneal fluid was confirmed by imaging modalities in 37/59 cases (62.7%);
most frequently visualized by ultrasound sonography (US; 33/37 cases (89.2%)). Placental abruption

or uterine rupture were often mentioned as differential diagnosis prior to intervention.
INTERVENTION

Surgical intervention was performed in 56/59 cases (94.9%); carried out for maternal reasons (39/56
cases (69.6%)), fetal distress (2/56 cases (3.6%)) or a combination of both (15/56 cases (26.8%)). In
one case a hemoperitoneum was confirmed on autopsy (1/59 cases (1.7%)). In two cases expectant
management was chosen (2/59 cases (3.4%)). At the time of surgery active bleeding was revealed in
51/56 cases (91.1%); originating from endometriotic implants (11/51 cases (21.6%)), ruptured utero-
ovarian vessels (29/51 cases (56.8%)), hemorrhagic nodules of decidualized cells (1/51 cases (2.0%))
or a combination of these (10/51 cases (19.6%)). Bleeding sites were most often situated on the
posterior surface of the uterus or the utero-ovarian vessels located in the parametrium [figure 2]. In
15/56 cases (26.8%) a biopsy was taken during the surgical intervention; histological reports
described signs of decidualized endometriosis (10/15 biopsies (66.7%)), deciduosis (2/15 biopsies
(13.3%)); endometriosis (2/15 biopsies (13.3%)) or hemorrhagic infiltration (1/15 biopsies (6.7%)) in
the specimens. The median amount of hemoperitoneum was 1600mL (IQR 1000mL-2500mL). A
laparotomy was the initial intervention in 50/59 cases (84.7%). In 6/59 cases (10.2%) a laparoscopy
was performed, although in half of these cases conversion to a laparotomy was needed due to
blurred vision or the inability to reach the bleeding site. Of the cases in which a laparoscopic
intervention was successful, one was carried out in the early stage of pregnancy (15 weeks of
gestation), the other two in the postpartum period. Suture ligation was most frequently applied to
achieve hemostasis, a hysterectomy had to be performed in 4/59 cases (6.8%). An association

between the severity of the bleeding and the stage of endometriosis could not be found (p=0.43).
MATERNAL AND PERINATAL OUTCOMES

From the 45/59 cases (76.3%) in which surgical interventions was carried out during pregnancy,
seven cases reported a successful continuation of pregnancy (7/45 cases (15.6%); SHiP first
presented between 15 — 32 weeks of gestation). In five of these cases (5/45 cases (11.1%)) pregnancy

could continue beyond 37 weeks. Recurrence of SHiP was described in five cases (5/59 cases (8.5%
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recurrence rate)); all recurrences, except for one, were reported during the same pregnancy or
postpartum period. Maternal death was reported once (1/59 cases (1.7%)): a 21 year old
primigravida presented at 29 weeks of gestation with an acute pain in the abdomen and signs of
hypovolemic shock; she was dead on arrival at the hospital (23). 14/59 cases reported on fetal or
neonatal death (including four twin pregnancies), resulting in a perinatal mortality rate of 26.9%
(18/67 fetus). Severe neonatal morbidity was reported in 3/67 infants (4.5%); two infants were
admitted to the neonatal intensive care unit (NICU) due to asphyxia and cerebral ischemia. One
newborn showed signs of severe respiratory distress. Perinatal mortality and morbidity rates were

similar between women with and without endometriosis, as shown in [table 2].
COMMENTS

In this systematic review we evaluated the clinical course and pregnancy outcomes of SHiP. This
overview can be used as a guidance for medical decision making and preconception counseling of
women with endometriosis and a future child wish. It should however be noticed that endometriosis-
associated acute hemoperitoneum outside pregnancy has also been described in a few cases and

presents with similar clinical signs. (53)
SHIP AND ENDOMETRIOSIS

Although it is believed that pregnancy has a favorable influence on endometriosis, women should
also be informed about the possible obstetric and postpartum complications that can occur. In
general, the negative influence of endometriosis on pregnancy outcomes is currently a growing area
of concern. A recent literature review discussed the wide spectrum of negative obstetrical events
possibly related to endometriosis and adenomyosis. (54) The left lateral predisposition that
endometriotic implants show (55, 56) and the fact that bleeding sites of SHiP are more frequently
found in the left lateral hemipelvis, is of supportive evidence for the association between SHiP and
endometriosis. Despite the growing evidence that endometriosis is a causative factor in the
development of SHiP, it is still not possible to determine which patients are at risk for developing
SHiP and no evidence exists whether treatment of endometriosis or surgery prior to pregnancy may
be a preventive measure to lower the risk of SHiP bleedings. Moreover extensive surgery can also
have negative consequences by further weakening of fragile intra-abdominal structures and
adhesions formation; one case described a ruptured utero-ovarian vein probably as a late

complication of laparoscopic resection of deep endometriosis prior to pregnancy. (13)

CLINICAL PRESENTATION & DIAGNOSTICS

Revised manuscript EJOGRB-17-16261 7



Pregnant women presenting with (sub)acute abdominal or flank pain should be suspected of SHiP,
which remains the major presenting symptom for women with and without endometriosis.
Depending on the severity of the intraperitoneal bleeding, the abdominal pain can be accompanied
by signs of hypovolemic shock, decreased level of hemoglobin or signs of fetal distress. In both
groups, imaging modalities seems to be of added value for the detection of hemorrhagic peritoneal
fluid. Better equipment, training and experience of radiologists may have contributed to this
improved detection. Especially ultrasound sonography is an easy first-line examination tool which
can be helpful to quantify the amount and occasionally the origin of the bleeding, by which

misdiagnosis can be avoided.
INTERVENTION

Management of SHiP depends on the clinical presentation as a result of the extent of the intra-
abdominal hemorrhage and the gestational age. A surgical approach is often unavoidable, but
expectant management can be considered when signs of hypovolemic shock or fetal distress are
absent, especially in the postpartum period. However, since spontaneous intra-abdominal
hemorrhages in pregnancy are most frequently of venous origin (2) and therefore of substantial
qguantity, a laparotomy is commonly the first-choice treatment. Additionally, surgery gives the
opportunity to establish the presence of endometriosis, in approximately 33% of the SHiP cases
endometriosis was not diagnosed until pregnancy complications occurred. It is recommended to
have a histological confirmation of endometriosis and take a biopsy from the bleeding lesions, since

decidual changes of endometriotic tissue may impede the diagnosis. (2, 57, 58)

Successful treatment with uterine artery embolization (UAE) has only been described in cases of
uterine artery aneurysms (59), but could theoretically also be applied (with caution) in cases of SHiP
with an arterial origin. Expectant management, combined with fluid resuscitation, can be considered
when women are hemodynamic stable without signs of fetal distress. However, recurrence of SHiP is

noted and close monitoring is advised.
MATERNAL AND PERINATAL OUTCOMES

Although in women with endometriosis, SHiP presented earlier in pregnancy, no significant
differences in perinatal or maternal outcomes were observed between both groups. However,
perinatal mortality and morbidity remains a major problem of SHiP and does not seem to improve
over the last decades. (1, 2) To improve the outcome it seems necessary to create further awareness,
in order to facilitate timely recognition and diagnosis of SHiP. Recently several countries took the

initiative to register the occurrence of SHiP in a prospective way, gathered in a multinational
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collaboration (INOSS) (60), with the aim to further understand this rare complication of pregnancy

and get insight in the exact prevalence and recurrence rate of SHiP.

STRENGTH AND LIMITATIONS

This review was systematically conducted according to the PRISMA guidelines (8), ensuring
methodological quality. Since this systematic review consists of case reports mainly, publication bias
can be involved. Especially a potential bias regarding cases of SHiP in pregnancies conceived after
ART or in women diagnosed with endometriosis. Since no other studies were available, the use of
case reports was inevitable. Despite the use of all available cases, the sample size remained
insufficient to detect small differences between groups. However, with 59 unique cases of SHiP, this

systematic review is the largest inventory of these cases in the literature.

CONCLUSIONS

SHiP is a very serious complication of pregnancy and highly associated with adverse pregnancy
outcomes. In particularly perinatal mortality and morbidity remains a major problem of SHiP and has
not improved over the last decades. Endometriosis is the major risk factor for the occurrence of SHiP.
Since the number of pregnant women with endometriosis is increasing, it is important to
acknowledge the link between SHiP and endometriosis. An association between the severity of SHiP
and the stage of endometriosis could not be established. As preventive measures and evidence-
based interventions are currently not available, increasing the awareness and recognition of SHiP is

crucial to further improve pregnancy outcomes.
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Title [Figure 1]

Figure 1. PRISMA flow diagram

Legend

PRISMA flow diagram of the systematic literature search. n = number.

Title [Figure 2]

Figure 2. Map bleeding sites

Legend

Map of the bleeding sites.

Footnote

In five cases no bleeding points could be identified.
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TABLE LEGENDS

Title [Table 1]

Table 1. Summary of cases

[Table 1]
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ART = assisted reproductive techniques; rASRM = revised American Society for Reproductive Medicine; CS = caesarean section; d = day; D&C = dilation and
curettage; EM = expectant management; HP = hemoperitoneum; (L)= labor; LS = laparoscopy; LT = laparotomy; mL = milliliters; mort. = mortality; no. =

number; n.a. = not applicable; pp = postpartum; ref. = reference; vag. = vaginal delivery; wk = week; y = years. * = twin pregnancy.
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Title [Table 2]

Table 2. SHiP characteristics endometriosis vs. no endometriosis

[Table 2]

Age (years)

mean (standard deviation)
Conceived after ART

number of cases (%)

Singleton pregnancy

Twin preghancy

number of cases (%)
Gestational age SHiP (weeks)
median (25%- 75 percentile)
Gestational age delivery (weeks)
(median with 25"- 75t percentile)
Preterm birth < 37 weeks
number of cases (%)

Amount hemoperitoneum (mL)
median (25%- 75t percentile)
Maternal mortality

number of cases (%)

Perinatal mortality

number of cases (%)

Severe perinatal morbidity
number of cases (%)
Recurrence SHiP

number of cases (%)

Endometriosis No endometriosis p-value
(n=33) (n=26)
32.5(+4.6) 30.2 (+4.9) 0.09
13 (39.4%) 3 (11.5%) 0.017**
28 (84.8%) 24 (92.3%) 0.38
5 (15.2%) 2(7.7%)
28.0(21.0-33.0) 32.0(29.0-35.5) 0.008**
33.5(28.3-37.8) 34.0 (30.0 - 37.5) 0.77
19 (57.6%) 16 (61.5%) 0.72
2000 (1062.5 —3000) 1500 (1000 - 2375) 0.15
0 (0%) 1(3.8%) 0.44
10 (29.4%) (n=34)* 4 (15.4%) 0.20
1(2.9%) (n=34)* 2 (3.8%) 0.22
5 (15.2%) 0 (0%) 0.06
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Legend

ART = assisted reproductive techniques; mL = milliliters; n = number. * including second episode of SHiP (recurrence) in consecutive pregnancy (Lier et al.

[2017] Case VI). ** p-value = < 0.05
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