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ditorial
PR-related  organ  injuries  in  pregnant  and  non-pregnant  subjects:
iver.  An  overview  of  evidence
Cardiac arrest in pregnancy is a rare event. However, its inci-
ence is on the rise from 1:30,000 to 1:20,000 according to
he seventh confidential inquiry into maternal deaths in the UK
CEMACH) [1]. This rise has been attributed to the increasing age,

orbidity and medical complexity of the antenatal population [2].
outine resuscitation practices must be modified to appreciate the
hysiological changes of pregnancy and the unique challenges it
resents during CPR. Poor resuscitation skills and areas of substan-
ard care continue to be highlighted in practice, reflecting the need
or further training, development, and research in this field [3–5].

In this edition of Resuscitation, Cox et al hypothesise that rate
f liver lacerations following CPR is higher amongst pregnant and

early post partum’ patients compared to the general population,
lluding this to increased intravascular volume, hepatic conges-
ion, and physiologic compression of liver capsule in pregnancy
6]. The authors are amongst the first to study CPR related liver
omplications in pregnancy, as published literature in this topic to
ate has been limited to a handful of individual case reports. Cox
t al conducted a single centre, retrospective case review to deter-
ine liver injury rates following peripartum (20 weeks gestation

o one year postpartum) CPR performed at the University of Mary-
and Medical Centre (UMMC) between 2011 and 2016. Women  with
reviously known liver injury or disease were excluded from the
tudy. Eleven cases of peripartum CPR were identified out of 9408
eliveries, with return of spontaneous circulation rate of 64%, and
n overall mortality rate of 82%. Interestingly, this mortality rate is
uch higher than rates reported by Mogos et al (49.4%), and Lavec-

hia et al (63.1%) [7,8]. Moreover, liver lacerations were noted in
hree out of eleven patients (27%) by Cox et al, which is also much
igher than the published rates of Meron et al (0.6%) − Krischer et al
2.1%) in the general population [9,10]. Data of CPR outcomes from
on-pregnant patients, matched for important variables, during the
ame period would have been useful in identifying how mortality
ates and liver laceration rates compare.

The first case presented by Cox et al features a 34 year
ld, woman with eclampsia and several risk factors for HELLP
yndrome, and pre-arrest abdominal pain. The episode of unre-
ponsiveness, and the large right lobe subcapsular haematoma
iscovered would also be consistent with a differential of hepatic

upture secondary to complications of eclampsia before CPR [11].

The second case presents a 38 weeks pregnant, multiparous
oman with confusion, agitation, tachypnea, and cyanosis. The
atient was treated with tPA (50 mg)  for suspected pulmonary

ttps://doi.org/10.1016/j.resuscitation.2017.11.062
300-9572/© 2017 Elsevier B.V. All rights reserved.
embolus (PE), following which maternal shock and abnormal fetal
heart trace suggestive of hypoxia and acidemia was reported.
The patient delivered abdominally, and was  transferred for veno-
arterial ECMO, a procedure requiring further anti-coagulation. The
patient would have been susceptible to developing haemorrhagic
complications, including following CPR [12–15]. Whilst thrombosis
and thromboembolism remain the leading cause of direct maternal
death, haemorrhage remains the most common cause of maternal
collapse [1,16]. Both can present with similar features of shock,
and causes of haemorrhage may  not always be obvious. Concealed
haemorrhage from rarer causes such as splenic artery and hepatic
rupture is possible [2]. This is particularly relevant in pregnancy
when dealing with fit healthy women, who have physiologically
increased plasma volume, and can tolerate significant blood loss
prior to showing signs of decompensation [2]. The latest MBRACE-
UK ‘Saving lives, Improving mother’s care report recommends that
women with suspected PE should have a Focused Assessment with
Sonography in Trauma (FAST) scan to exclude intra-abdominal
bleeding prior to thrombolysis being given [2].

The final case of this series involves a multiparous woman with
known uterine fibroids and pre-arrest coagulopathy, again making
complications such as liver haematoma following CPR more likely.
The presence of coagulopathy and/or treatment with thrombolytic
seem to be reported commonly in literature amongst both pregnant
and general populations receiving CPR [9,12–14].

As the authors in this study were not able to account for con-
founding variables, we cannot make any causative assumptions
between CPR and increased liver injury rates in pregnancy at
present. Further research with data from several hospitals over a
prolonged study period is recommended to determine more accu-
rately rates of peripartum CPR and associated liver lacerations. It
will be interesting to see what the UK Obstetric Surveillance System
(UKOSS) surveillance of cardiac arrest in pregnancy might show.

Moreover, in all three cases reviewed in Cox et al, liver lac-
erations were identified during surgical abdominal exploration.
In comparison, a retrospective analysis of non-pregnant cardiac
arrests, conducted by Meron et al highlighted that only one out
of fifteen patients with liver injury were identified via surgical
exploration [9]. Clinical suspicion and a drop in haematocrit lev-

els were key in triggering further investigation. Eight patients (53%)
had a bedside abdominal ultrasound scan which showed free intra-
peritoneal fluid. Six patients (40%) with liver lacerations or rupture
were not detected intra vitam, and only found during autopsy [9].
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Table 1
Overview of methods and imaging modalities used to detect liver lacerations/complications following CPR in pregnant and non-pregnant subjects.

Author Study design Total no. of CPR patients
reviewed

No. of patients with
liver complications
following CPR

Detection method

Non-pregnant subjects
Meron et al [9] Retrospective analysis of

patient chart, lab data, imaging
and autopsy

2558 15 Abdominal US (8), explorative surgery (1), autopsy
(6)

Krischer et al [10] Prospective study − autopsy of
cases post CPR

705 15 Autopsy

Pinto  et al [17] Retrospective, autopsy series 175 2 Autopsy
Clark [18] Retrospective, autopsy series 19 4 Autopsy
Beydilli et al [19] Case series 2 2 Autopsy
Zahn et al [12] Case series 2 2 Abdominal US, followed by CT Abdomen
Kouzu  et al [13] Case series 2 2 Echocardiography, followed by CT Abdomen
Adler et al [20] Case series 2 2 CT Abdomen (1), Abdominal surgery (1)
Juan  et al [14] Case report 1 1 CT Angiography
Kapłon-Ciesı́licka et al [21] Case report 1 1 Abdominal US, followed by CT Abdomen
Lundqvist et al [22] Case report 1 1 Abdominal US & diagnostic laparotomy
Naess et al [23] Case report 1 1 Abdominal US, followed by CT Abdomen
Camden et al [24] Case report 1 1 Multiple detector CT (MDCT)
Von  Bary et al [25] Case report 1 1 CT Pulmonary Angiogram
Nashiki et al [26] Case report 1 1 Abdominal US (FAST) scan
Druwe  et al [15] Case report 1 1 Abdominal US, followed by CT Abdomen
Monsuez et al [27] Case report 1 1 CT Abdomen
Yamasaki et al [28] Case report 1 1 CT Chest and Abdomen
Pregnant Subjects
Cox et al [6] Case series 11 3 Surgical abdominal exploration
Nagar et al [29] Case report 1 1 Inconclusive exploratory laparotomy performed

(liver not visualised), liver haematoma identified in
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s peri-mortem caesarean section is a vital and well-established
art of resuscitation in pregnancy, one could argue that high rates
f liver lacerations in pregnancy may  be a consequence of better
etection with surgery. Indeed, most liver laceration cases in preg-
ancy in the literature were identified during surgery, whereas
ost cases in non-pregnant subjects were identified via abdominal

ltrasound, CT imaging, or autopsy (Table 1).
In summary, the study by Cox et al has been valuable in starting

he conversation about resuscitation complications in pregnancy.
urrently, there is insufficient causal evidence to suggest higher
ates of liver lacerations from CPR in pregnancy. Presence of
oagulopathy and/or treatment with thrombolytic medication are
robably associated with bleeding from liver lacerations follow-

ng CPR. Future multi-centre, studies would be helpful in more
ccurately determining rates and significance of liver lacerations
ollowing CPR in pregnancy.

onflicts of interests

None.

eferences

1]. Lewis G, editor. The Confidential Enquiry into Maternal and Child Health
(CEMACH). Saving Mothers’ Lives: reviewing maternal deaths to make moth-
erhood safer − 2003–2005. The Seventh Report on Confidential Enquiries into
Maternal Deaths in the United Kingdom. London: CEMACH; 2007.

2]. Royal College of Obstetricians and Gynaecologists. Maternal collapse in preg-
nancy and the puerperium. R Coll Obstet Gynaecol − Guidel 2011;56:1–24.

3]. Bakhbakhi D, Gamaleldin I, Siassakos D. Cardiopulmonary resuscitation of preg-
nant women. Resuscitation 2015;91:A5–6.

4]. Smith A, Edwards S, Siassakos D. Effective team training to improve out-
comes in maternal collapse and perimortem caesarean section. Resuscitation
2012;83:1183–4.
5]. Edwards S, Siassakos D. Training teams and leaders to reduce resuscitation errors
and improve patient outcome. Resuscitation 2012;83:13–5.

6]. Cox TR, Crimmins SD, Shannon AM,  Atkins KL, Tesoriero R, Malinow AM.
Liver lacerations as a complication of CPR during pregnancy. Resuscitation
2017;122:121–5.

[2
consequent US Abdomen.
1 Surgical abdominal exploration
1 Detected during pulmonary embolectomy surgery

7]. Mogos MF,  Salemi JL, Spooner KK, McFarlin BL, Salihu HM.  Differences in
mortality between pregnant and nonpregnant women after cardiopulmonary
resuscitation. Obstet Gynecol 2016;128:880–8.

8]. Lavecchia M,  Abenhaim HA. Cardiopulmonary resuscitation of pregnant women
in the emergency department. Resuscitation 2015;91:104–7.

9]. Meron G, Kurkciyan I, Sterz F, Susani M,  Domanovits H, Tobler K, et al.
Cardiopulmonary resuscitation-associated major liver injury. Resuscitation
2007;75:445–53.

0]. Krischer JP, Fine EG, Davis JH, Nagel EL. Complications of cardiac resuscitation.
Chest 1987;92:287–91.

1]. Vigil-De Gracia P, Ortega-Paz L. Pre-eclampsia/eclampsia and hepatic rupture.
Int J Gynaecol Obstet 2012;118:186–9.

2]. Zahn G, Hauck M, Pearson DA, Green JM,  Heffner AC. Major hemorrhage
from hepatic laceration after cardiopulmonary resuscitation. Am J Emerg Med
2015;33:991.

3]. Juan YH, Saboo SS, Desai NS, Khandelwal K, Khandelwal A. Aortic intramural
hematoma and hepatic artery pseudoaneurysm: unusual complication follow-
ing  resuscitation. Am J Emerg Med  2014;32:107, e1–e4.

4]. Kouzu H, Hase M,  Kokubu N, Nishida J, Kawamukai M,  Usami  Y, et al. Delayed
visceral bleeding from liver injury after cardiopulmonary resuscitation. J Emerg
Med  2012;43:e245–8.

5]. Druwe PM,  Cools FJ, De Raedt HJ, Bossaert LL. Liver rupture after cardiopul-
monary resuscitation in a patient receiving thrombolytic therapy. Resuscitation
1996;32:213–6.

6]. Knight M, Nair M,  Tuffnell D, Kenyon S, Judy S, Brocklehurst P, et al. Saving Lives,
Improving Mothers’ Care: Surveillance of maternal deaths in the UK 2012-14
and  lessons learned to inform maternity care from the UK and Ireland Confiden-
tial Enquiries into Maternal Deaths and Morbidity 2009-14 [Internet]. Oxford:
National Perinatal Epidemiology Unit; 2016, 1–102 p.

7]. Pinto DC, Haden-Pinneri K, Love JC. Manual and automated cardiopulmonary
resuscitation (CPR): a comparison of associated injury patterns. J For Sci
2013;58:904–9.

8]. Clark DT. Complications following closed-chest cardiac massage. JAMA Am Med
Assoc 1962;181:337.

9]. Beydilli H, Balci Y, Erbas M,  Acar E, Isik S, Savran B. Liver laceration related to
cardiopulmonary resuscitation. Turk J Emerg Med  2016;16(2):77–9.

0]. Adler SN, Klein RA, Pellecchia C, Lyon DT. Massive hepatic hemorrhage associ-
ated with cardiopulmonary resuscitation. Arch Intern Med  1983;143(4):813–4.
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