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13Objective: To describe risk factors, clinical events, and avoidable factors in cases of maternal death due to bleeding
14during and after cesarean delivery. Methods: A retrospective study was undertaken of the clinical records of
15women who delivered in seven hospitals in Johannesburg, South Africa, between January 2013 and December
162014. Maternal deaths due to cesarean-related hemorrhage during or within 42 days of cesarean delivery at
1724 weeks or more were selected. Case records were audited using quantitative techniques to determine the events
18leading up to death. Results: There were 123 251 deliveries and 17 maternal deaths due to bleeding during or after
19cesarean (3.2 deaths per 10 000 deliveries). Risk factors included previous cesarean delivery, preoperative anemia,
20and placental abruption. Uterine atony and surgical trauma were the main causes of bleeding. Five (29%) women
21died before the cause of bleeding was found. Avoidable factors included delays in the recognition andmanagement
22of shock. Thirteen (76%)womendiedwithin 48 hours of the cesarean procedure. Conclusion:Deaths due to bleeding
23during and after cesarean have multifactorial causation. Maternal healthcare systems must be strengthened, with
24attention to the knowledge and skills of health workers. This requires increased clinical vigilance, a rapid effective
25response to obstetric hemorrhage and shock, and overall health system strengthening.
26© 2016 International Federation of Gynecology and Obstetrics. Published by Elsevier Ireland Ltd. This is an open
27access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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37 1. Introduction

38 Maternal deaths resulting from bleeding during and after cesarean
39 have recently increased in South Africa: in the triennial report on confi-
40 dential enquiries into maternal deaths in 2011–2013 [1], such bleeding
41 accounted for more than one-third of maternal deaths due to obstetric
42 hemorrhage [1]. The cause-specific case fatality rate for hemorrhage
43 during cesarean delivery was 5.5 deaths per 10 000 cesareans
44 performed [2]. More than 70% of the deaths were considered to be
45 clearly avoidable [2].
46 An increasing rate of cesarean delivery is thought to be the main
47 cause of the rising numbers of deaths due to cesarean-related hemor-
48 rhage in South Africa [2]. There is also concern about a lack of surgical
49 skills tomanagewomenwith severe bleeding during and after cesarean
50 [3]. A shortage of ambulances and appropriate referral systems is also a
51 major concern [2,3]. Medical and nursing staff shortages, operating
52 room backlogs, and emergency transport deficiencies are frequent
53 challenges in local state-run health services in South Africa [4,5].
54 Nevertheless, maternal death due to bleeding during and after
55 cesarean remains a rare outcome. To our knowledge, no case series
56 has examined the clinical details and quality of care in this situation.

57The aim of the present studywas therefore to describe risk factors, clin-
58ical events, and potentially avoidable factors in cases of maternal death
59due to bleeding during and after cesarean.

602. Materials and methods

61In a retrospective study, maternal deaths due to bleeding during and
62after cesarean that occurred at seven hospitals in Johannesburg, South
63Africa, between January 1, 2013, and December 31, 2014, were audited
64as a case series. Ethical approval was granted by the University of the
65Witwatersrand’s Human Research Ethics Committee, and institutional
66permission for the study was obtained from the Gauteng Department
67of Health. Informed consentwas not needed because it was a retrospec-
68tive study of maternal death.
69Three of the study hospitals are university teaching hospitals in
70Johannesburg with tertiary referral functions, and four are regional
71(secondary-level) hospitals as part of the local referral system. Hospitals
72in South Africa are required to keep all clinical notes in cases ofmaternal
73death. Therefore, all maternal death records were reviewed by a certi-
74fied specialist obstetrician and gynecologist (S.M.) to identify the
75causes. Deaths due to bleeding during and after cesarean were selected
76for inclusion.
77The case definition of maternal death due to bleeding during and
78after cesarean was death during or within 42 days of surgery resulting
79from acute hemorrhage of at least 1000 mL (as estimated and noted in
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80 the file by the surgeon) during or after cesarean delivery at 24 weeks of
81 pregnancy ormore [6].Womenwithmedical disorders or blood clotting
82 disorders were included, as were women with placental abruption,
83 placenta previa, and/or placenta accreta. The exclusion criteria were
84 uterine rupture with the fetus partially or completely extruded from
85 the uterus, and advanced extrauterine pregnancy. Women for whom
86 bleeding before cesarean was considered to be the primary cause of
87 maternal death were also excluded from the audit. When there was
88 difficulty in deciding on inclusion or exclusion of a case, two researchers
89 (S.M. and E.B.) made a decision by consensus.
90 Risk factors considered in data collection included age and parity,
91 previous cesarean delivery, prenatal anemia, HIV infection, placental
92 disorders (abruption, previa, and accreta), breech presentation,
93 multiple pregnancy, and prolonged labor. Obesity could not be estimated
94 because of irregular recording of height. Anemia was defined as a hemo-
95 globin level of less than 110 g/L [7]. Prolonged labor was defined as a la-
96 tent phase of more than 8 hours in hospital or an active phase of first
97 stage of more than 12 hours [8]. The type of hospital where the cesarean
98 occurred and the rank of the surgeon (medical officer, resident, or special-
99 ist) were also considered. Other risk factors were time of operation (day
100 or night), day on which the operation was performed (weekend or
101 weekday), type of anesthesia, and birth weight.
102 Indications for cesarean, estimated blood loss, and interventions to
103 arrest intraoperative hemorrhage were noted. Postoperative monitor-
104 ing and management of postpartum hemorrhage (PPH) were also
105 evaluated. The cause and site of the bleeding were determined from de-
106 tails in themedical notes and on the basis of the researcher’s opinion. Dif-
107 ficult caseswere discussed between the researchers. Details of the clinical
108 and surgical management—especially blood transfusion, non-surgical
109 methods to stop bleeding, compression sutures, hysterectomy, second-
110 look laparotomy, and admission to the intensive care unit—were noted.
111 The Donabedianmodel was used to assess the quality of health care
112 in each maternal death, looking for avoidable factors. The model
113 supposes that the clinical outcome of a patient is influenced by health
114 service structure (facility and resources where the outcome took
115 place) and process (diagnosis and treatment by the healthcareworkers)
116 [9]. Avoidable factors were subdivided into process and structure. If
117 there was a factor or factors that directly resulted in the death of a pa-
118 tient, then the death was deemed avoidable. Expected structure factors
119 included blood transfusion delays, emergency transport failures, and
120 operating room delays. Process factors included patient-related issues,
121 such as nonattendance at prenatal clinics and refusing hospital
122 treatment, and healthcare worker-related factors, such as failure to
123 recognize, diagnose, and respond to intraoperative or postoperative
124 bleeding, including deficits in routine monitoring, inadequate volume
125 resuscitation, and failure to undertake actions to arrest hemorrhage or
126 treat hypovolemic shock.
127 The study used quantitative techniques. Datawere analyzed by Stata
128 version 11 (StataCorp, College Station, TX, USA). Values were reported
129 as mean ± SD for normally distributed continuous data, median
130 (range) for non-normally distributed continuous data, and number
131 (percentage) for categorical data.

132 3. Results

133 During the study period, therewere 17maternal deaths due to bleed-
134 ing during and after cesarean in the seven hospitals. In total, there were
135 123 251 deliveries at the hospitals, 43 137 (35%) of whichwere by cesar-
136 ean. In 14 of the 17 included deaths, thewoman underwent the cesarean
137 delivery at one of the seven study hospitals, giving a case fatality rate of
138 3.2 deaths per 10 000 cesarean deliveries (14/43 137) at the seven
139 hospitals. The other three women were transferred postoperatively
140 from district hospitals because of bleeding complications.
141 The mean age of the 17 women was 28.6 ± 6.7 years; two women
142 were younger than 19 years, and three were older than 35 years
143 (range 17–42). The median parity was two (range 0–6); there were

144three primigravidas and twowomenwith a parity of six before delivery.
145Four (24%) women had a previous cesarean delivery. Seven (41%) had a
146record of prenatal anemia. Fourteen (82%) women attended prenatal
147care. Four (24%) women were infected with HIV. Three (18%) cesarean
148procedures were done preterm (b37 weeks). Three (18%) women had
149labor induced, and 1 (6%) had labor augmented with oxytocin. Three
150(18%) women underwent the cesarean before onset of labor, and
1513 (18%) had the cesarean in the second stage of labor. There was
1521 (6%) multiple pregnancy and 1 (6%) singleton breech presentation.
153Five (29%) women had placental abruption, and 1 (6%) had placenta
154accreta (Table 1). There were no cases of placenta previa.
155All operations were performed by non-specialists, and twowere done
156by residents in training. All 17 deaths were associated with potentially
157avoidable factors. Patient-related process factors included two women
158who did not attend prenatal care, and a woman with severe pre-
159eclampsia who refused hospital admission and cesarean delivery. This
160woman returned 5 days later with eclampsia, placental abruption, and a
161resistant atonic uterus with coagulopathy. Fourteen (82%) procedures
162were performed from Monday to Friday, and 3 (18%) were performed
163during a weekend. Fifteen (88%) cesareans were booked as emergencies,
164and 2 (12%) as elective. Seven (41%) procedures were done during
165the day, and 10 (59%) at night. Thirteen (76%) women had regional
166anesthesia. Stillbirth occurred in 7 (41%) cases. The mean birth weight
167was 2518 ± 882 g (range 1270–3820).
168Ten (59%) procedures were recorded as “difficult” by the operating
169surgeons. The median estimated blood loss was 750 mL (range
170300–8000; unrecorded in two cases). Two (12%) women died during
171the operation. Seven women (41%) had blood transfusions during the
172cesarean procedure. Atonic uterus was the main cause of bleeding in
1737 (41%) cases, including five womenwith placental abruption, followed
174by surgical trauma in 5 (29%) cases. The cause of bleeding remained
175unknown for 5 (29%) women, three of whom died in the postoperative
176wards before any life-saving intervention could be started.
177Surgical interventions included hysterectomy during the cesarean
178procedure for 3 (18%) women, and B-Lynch compression suture for 1
179(6%) woman. Nine (53%) women subsequently had second-look lapa-
180rotomies, during which 4 (44%) women underwent a hysterectomy,
181and 1 (11%)woman had B-Lynch compression suture (Table 2). Balloon
182tamponade was not attempted in any case, nor was tranexamic acid
183injection used. Postoperative artificial ventilation was provided to
18414 (82%) women and inotropic drugs to 15 (88%) women. Nine (53%)
185women were admitted to the intensive care unit. Thirteen (76%)
186women died within 48 hours of surgery.
187Recurrent avoidable factors related to the health system included
188shortages of emergency blood and emergency transport, and operating
189room delays. Health-worker-related factors included cesarean proce-
190dures with no clinical indication (e.g. grand multiparity, and breech
191presentationwith fetal death), failure to detect hypovolemic shock, fail-
192ure to control bleeding and/or treat shock, prolonged laborwith delayed
193intervention, and delay in performing second-look surgery (Table 3).

1944. Discussion

195The present study found a case fatality rate of 3.2 maternal deaths
196due to bleeding during and after cesarean per 10 000 cesarean proce-
197dures. This is lower than the national case fatality rate for hemorrhage
198during cesarean delivery (5.5 per 10 000 cesareans [2]), possibly
199because of the better skills and resources available in Johannesburg
200with its academic hospitals and socioeconomic advantages relative to
201the rest of South Africa. Recurring risk factors for maternal death in
202the present audit were prenatal anemia, placental abruption, previous
203cesarean delivery, and second stage of labor. Factors contributing to
204the deaths of these women included the perioperative management of
205hemorrhage by the healthcare worker and the healthcare facility. Pre-
206operative factors—e.g. delays in performing cesarean or non-indicated
207cesarean procedures—might also have had a causative role. Deaths
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