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Background: To assess maternal safety outcomes after a local protocol adjustment to change the interval of cord clamping to 3 min after term cesarean section.

Design, Setting, and Patients: A retrospective cohort study in a tertiary referral hospital (Erasmus MC, Rotterdam). We included pregnant women who gave birth at term after cesarean section. A cohort (Nov 2016–Oct 2017) prior to the protocol implementation was compared to a cohort after its implementation (Nov 2017–Nov 2018). The study population covered 789 women (n = 376 pre-cohort; n = 413 post-cohort).

Interventions: Implementation of a local protocol changing the interval of cord clamping to 3 min in all term births.

Main outcome measures: Primary outcomes were the estimated maternal blood loss and the occurrence of postpartum hemorrhage (blood loss >1,000 ml). Secondary outcomes included both maternal as well as neonatal outcomes.

Results: Estimated maternal blood loss was not significantly different between the pre-cohort and post-cohort (400 mL [300–600] vs. 400 mL [300–600], p = 0.52). The incidence of postpartum hemorrhage (26 [6.9%] vs. 35 (8.5%), OR 1.24, 95% CI 0.73–2.11) and maternal blood transfusion (9 [2%] vs. 13 (3%), OR 1.33, 95% CI 0.56–3.14) were not different. Hemoglobin change was significantly higher in the post-cohort (−0.8 mmol/L [−1.3 to −0.5] vs. −0.9 mmol/L [−1.4 to −0.6], p = 0.01). In the post-cohort, neonatal hematocrit levels were higher (51 vs. 55%, p = 0.004) and need for phototherapy was increased (OR 1.95, 95% CI 0.99–3.84).

Conclusion: Implementation of delayed cord clamping for 3 min in term cesarean sections was not associated with increased maternal bleeding complications.

Keywords: umbilical cord clamping, perinatal stabilization, cesarean section, maternal outcomes, maternal blood loss, postpartum hemorrhage, term pregnancies, neonatal outcomes


INTRODUCTION

Severe postpartum hemorrhage (PPH) is one of the most important contributors to maternal mortality, particularly in low resource countries (1, 2). To reduce maternal blood loss, active management of the third stage of labor has been recommended by the World Health Organization (WHO) since 2007, although it was already performed since the 1960s (2–4). Active management involves three components: (i) prophylactic administration of uterotonic drugs (oxytocin), (ii) controlled cord traction to support placental delivery, and (iii) massage of uterine fundus after placental delivery (2, 5). However, a critical review of this guideline showed that the benefit of this approach was completely attributed to the administration of oxytocin (1, 5–7). On the other hand, to minimize potential neonatal exposure to oxytocin, immediate cord clamping was incorporated into routine clinical practice (3).

In term infants, the placenta holds up to one-third of the total blood volume and immediate cord clamping would thus withhold this from the neonatal circulation (8). In contrast, delayed cord clamping optimizes placental transfusion and thus results in a higher neonatal blood volume (1, 8, 9). Placental transfusion follows a stepwise curve and is completed in two phases: (i) up to 30% of the blood volume is transferred in the first minute after birth, and (ii) the remaining 70% is transferred in the subsequent 2 min (9). Hence performing delayed cord clamping for at least 3 min after birth should be considered in each healthy neonate (10, 11). Additionally, immediate cord clamping appears to have a negative effect on cardiovascular adaptations occurring at birth that are better supported when the infant is still connected to the placenta (12, 13). Although healthy term neonates usually experience an uneventful neonatal transition, delayed cord clamping has been shown to improve iron reserves far beyond the first months after birth, and decrease the likelihood of developing anemia (10, 13–17).

In elective cesarean sections the risk of maternal blood loss is estimated higher, due to the uterine incision and the lack of contractions. Therefore, clinicians have a tendency of clamping the cord shortly after delivery. On the other hand, a recent cohort study demonstrated that immediate cord clamping during a cesarean section was associated with increased neonatal iron deficiency anemia at 12 and 58 months (18). Hence, optimizing placental transfusion by delaying cord clamping until after 3 min would be of particular interest in this population. Based on the above-mentioned recommendations, we have recently implemented delayed cord clamping for 3 min as routine practice for all term births. The aim of this study was to audit maternal safety outcomes in cesarean deliveries after this protocol adjustment.



METHODS

This is a single-center retrospective cohort study performed at Erasmus MC, University Medical Center (Rotterdam, The Netherlands) comparing two cohorts, before and after a protocol adjustment in November 2017. For both cohorts the study population consisted of all consecutive cesarean sections performed at ≥37 weeks' gestation over a 1-year period. The control group (pre-cohort) consisted of cases between Nov 2016–Oct 2017 and the cohort after the protocol adjustment (post-cohort) consisted of cases between Nov 2017–Nov 2018. The research protocol was approved by the local medical ethical committee (METC 2019–0530) and informed consent was waived due to the retrospective study design.

The protocol adjustment involved implementing delayed cord clamping for all term births for at least 3 min after complete birth of the infant. For all cesarean sections, the room temperature in the operation theater was increased to 23°C. After delivery, the infant was dried and positioned on the maternal chest close to the mother's face. Breathing was encouraged by tactile stimulation and the umbilical cord was protected from kinking or compression. The breathing rate and neonatal heart rate were evaluated after 30 s and 1 min by palpating the cord; when it was deemed appropriate and heart rate was approximately above 60 bpm the procedure was continued (Figure 1). The maternal blood loss was monitored continuously and, if necessary, hemostatic clamps were placed at the uterine incision. In case of excessive blood loss or concerns about the neonatal transition, the procedure was abandoned earlier and the infant was transferred to a resuscitation table for further support. If no exact time of cord clamping was mentioned in the post-cohort patient's history, we concluded that protocol had been followed and that delayed cord clamping of 3 min was performed. Oxytocin was administrated after umbilical cord clamping had been performed. The preferred method of placental delivery was spontaneous in both cohorts. All interventions were performed under direct supervision of a consultant in Obstetrics and Gynecology.
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FIGURE 1. Flowchart of delayed cord clamping protocol at Erasmus MC, The Netherlands. 1During caesarean section: first dry, then stimulate. After cord clamping: skin-to-skin with warm wrappings or move to resuscitation area.


Predefined exclusion criteria for delayed cord clamping consisted of an emergency cesarean section (delivery warranted <10 min), maternal general anesthesia, monochorionic twin pregnancies, higher order multiple pregnancies, placental abnormalities (anterior placenta previa, invasive placentation), congenital diaphragmatic hernia, and severe cardiac anomalies. We excluded non-eligible cases from further analysis.

The primary outcomes were the estimated maternal blood loss and the occurrence of PPH (blood loss >1,000 ml) (19). Maternal blood loss was estimated by the obstetrician using the volume that was in the suction device and on the surgical swabs. Secondary outcomes included both maternal outcomes as well as neonatal outcomes. Maternal secondary outcomes consisted of hemoglobin change before and after cesarean section and the rate of blood transfusions. Neonatal secondary outcomes consisted of infant temperature at admission, moderate hypothermia (temperature <36°C), hematocrit level in the first 24 h after birth, neonatal intensive care unit admittance, and need for phototherapy in case of icterus neonatorum (confirmed by serum bilirubin sampling). Additionally, baseline characteristics of the neonate were evaluated such as birth weight, Apgar scores at 1 and 5 min, and umbilical artery pH. In both groups, an umbilical artery sample was obtained after the umbilical cord had been clamped.

Statistical analyses were performed using the computing environment R [R Core Team (2020), Vienna, Austria, v4.0.2]. Normality was assessed using QQ-plots and density distributions combined with the Shapiro-Wilk test. Continuous data are presented as mean ± standard deviation (SD) or median [interquartile range (IQR)], depending on whether the data were normally distributed. Categorical data are presented as absolute numbers and percentages. Statistical tests for continuous data were the Mann-Whitney U test (non-parametric) and the Student t test (parametric). Categorical variables were analyzed with a chi-squared test. Results are reported as odds ratio (OR) and 95% confidence interval (95% CI). We analyzed the effect of delayed cord clamping on maternal blood loss in the intention-to-treat and per protocol population. The intention-to-treat population is defined as all patients that were included in a particular group (pre-cohort vs. post-cohort), independent of protocol adherence. The per protocol population was defined as all patients who received the protocol they were assigned to (immediate cord clamping vs. delayed cord clamping at 3 min).



RESULTS

In the first cohort 659 cesarean sections were performed; 283 cases were excluded based on the predefined criteria, leaving 376 cases in the pre-cohort for further analysis. In the second cohort 699 cesarean sections were performed; 286 cases were excluded, leaving 413 cases in the post-cohort for further analysis. Table 1 presents the descriptive data of the mothers and neonates. Both groups were not different with regard to demographics and other clinical characteristics, except for umbilical artery blood gas analysis: pH (7.30 [7.26–7.32] vs. 7.28 [7.23–7.32], p < 0.001) and base excess (−2 mmol/L [−3 to 0] vs. −3 mmol/L [−5 to −1], p < 0.001) were significantly lower in the post-cohort.


Table 1. Baseline characteristics.
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In the post-cohort, the umbilical cord was clamped at 3 min in 53% (218/413) of the infants, at 30–170 s in 14% (59/413) of the infants, and immediately (<10 s) in 15% (63/413) of the infants. In 18% (73/413) of the infants, timing of cord clamping was not mentioned and we, thus, concluded that protocol was followed. Per protocol populations therefore consisted of 376 subjects for the immediate cord clamping group and 291 subjects for the delayed cord clamping group (3 min).

Table 2 shows the results of the primary outcomes in the intention-to-treat analysis. The median maternal blood loss did not significantly differ between pre-cohort and post-cohort (400 mL [300–600] vs. 400 mL [300–600], p = 0.52). In addition, there was no difference in the incidence of PPH: 26 mothers in the pre-cohort and 35 mothers in the post-cohort (OR 1.24, 95% CI 0.73–2.11). Per protocol analysis again demonstrated no difference in median maternal blood loss in immediate cord clamping compared to delayed cord clamping (400 mL [300–600] vs. 400 mL [300–500], p = 0.60) and no difference in the incidence of PPH (OR 0.78, 95% CI 0.41–1.48). Secondary maternal outcomes are presented in Table 3. Hemoglobin change was significantly different in the pre-cohort and post-cohort (−0.8 mmol/L [−1.3 to −0.5] vs. −0.9 mmol/L [−1.4 to −0.6], p = 0.01). The rate of maternal blood transfusions was not significantly different (OR 1.33, 95% CI 0.56–3.14).


Table 2. Primary outcomes.
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Table 3. Secondary outcomes.
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Neonatal outcomes are depicted in Table 3. Infant temperature at admission to the ward was lower in the post-cohort. The number of infants with moderate hypothermia was higher in the post-cohort [2/116 (2%) vs. 29/412 (7%), OR 4.32, 95% CI 1.01–18.36]. Neonatal hematocrit levels were significantly higher in the post-cohort, and the need for phototherapy was higher in the post-cohort (OR 1.95, 95% CI 0.99–3.84). The majority of infants receiving phototherapy had at least one serum bilirubin value that was equal to or higher than the intervention threshold for that specific infant: 85% (11/13) in the pre-cohort and 96% (26/27) in the post-cohort. The highest measured serum bilirubin values in infants receiving phototherapy were not different in both groups (286 μmol/L [230–323] vs. 297 μmol/L [263–320], p = 0.36).

There was no difference in rates of admission to the neonatal intensive care unit. In our tertiary care center population, 41% of all neonatal intensive care unit admissions were because of congenital malformations.



DISCUSSION

Our study adds information on the safety of delaying cord clamping until placental-to-neonatal transfusion is completed during term cesarean sections. In this study we did not observe differences in maternal blood loss and the incidence of PPH after implementing delayed cord clamping for 3 min as a routine practice. In addition, neonatal hematocrit levels in our trial were significantly higher after the implementation of delayed cord clamping, highlighting the importance of optimizing the placental-to-neonatal transfusion.

Our observations are in line with earlier trials that have already demonstrated that delayed cord clamping beyond 60 s during a vaginal delivery was not associated with increased maternal morbidity (4, 21). Nonetheless, the risk for maternal bleeding complications is estimated higher in cesarean section because of the lack of adequate uterine contractions. Hence, this resulted in a relative skepticism for implementing delayed cord clamping during a cesarean section. An important consideration is the delayed administration of oxytocin to avoid any influence on the placental-to-neonatal transfusion. However, a recent study showed that oxytocin could be administered prior to cord clamping without affecting the placental-to-neonatal transfusion (20). Previous studies evaluating delayed cord clamping in cesarean sections, though shorter durations (range 30–120 s), also did not report an increase in estimated maternal blood loss (21–24). In our study, the incidence of PPH remained stable after implementation of the protocol (6.9 vs. 8.5%) and reassuringly this is comparable to what is reported in a recent small randomized controlled trial comparing delayed cord clamping to immediate cord clamping in term cesarean delivery (23). Although we observed a significantly higher decrease in maternal hemoglobin after cesarean section, the clinical relevance of a difference of 0.1 mmol/L is certainly debatable. In particular as this difference did not translate into a higher incidence of maternal blood transfusions.

Neonates born through cesarean section are at higher risk for developing neonatal anemia since the placental-to-neonatal transfusion might be compromised because of a tendency to perform immediate cord clamping (1, 25). In our trial, we showed a benefit of delayed cord clamping on neonatal hematocrit levels, yet the optimal interval till clamping the cord is not firmly established. We based our protocol on a series of papers published more than 50 years ago, but others have observed a considerable individual variability in the time to complete placental transfusion (ranging between 2 and 5 min) (9, 26). Likewise, the impact of uterine contractions and breathing is not well-established (27). This is particularly important given that the potential side-effect of the additional blood volume is neonatal hyperbilirubinemia and the need for phototherapy, due to breakdown of red blood cells. The need for phototherapy in our study was higher in neonates after delayed cord clamping, as was also demonstrated in earlier trials (1, 8, 28).

Neonatal temperature management in the delivery room is of high importance, since hypothermia is associated with a higher risk of hypoglycemia and respiratory distress (29). Hypothetically, the umbilical blood is heated to the maternal core temperature after passage through the placenta, providing an internal heat source and, thus, potentially preventing hypothermia in delayed cord clamping. We could not confirm this hypothesis, on the contrary, we observed a significantly lower median infant temperature at admission to the ward after performing delayed cord clamping. In addition, we observed an increased incidence of moderate hypothermia, but the large number of missing data in the pre-cohort makes it difficult to draw firm conclusions, which is reflected by the large confidence interval. Nonetheless, our findings emphasize the importance of adequate measures to ensure optimal temperature management, especially during cesarean section. In our local protocol we have implemented additional measures such as sterile hats for the neonate and increased focus on drying the infant thoroughly.

We noticed a lower cord blood pH in the post-cohort. This was recently also reported in a prospective study evaluating the effect of delayed cord clamping on cord blood analysis in uncomplicated births. Delayed cord clamping at cesarean section resulted in a mixed respiratory and metabolic acidosis with increased pCO2 and lactate, in combination with a reduction in base excess (30–32). In our data, we confirmed the moderate decrease in base excess, but pCO2 values were not different. Regardless, this did not translate in increased adverse neonatal outcomes or neonatal intensive care unit admission rates. However, the incidence for the latter was in both groups remarkably higher than in previous trials (20 vs. 8%) (24). This is a reflection of the patient population at our institution as a tertiary referral center with a high incidence of congenital neonatal pathology.

The current study provides reassuring evidence about maternal safety when performing delayed cord clamping for a prolonged period in an attempt to improve placental-to-neonatal transfusion and thus neonatal iron reserves. This is important for future projects that aim to implement this in low resource settings, as the access to medications and equipment to control maternal bleeding is generally limited.

A strength of this study is that it evaluates a protocol implementation in a heterogenic group of patients that is a relevant representation of the general population for many centers. Furthermore, this study is the largest series so far evaluating the risks of delayed cord clamping during term cesarean sections and with a prolonged period of 3 min there was no higher risk of maternal bleeding complications. Limitations of adopting our findings into clinical practice are that this is a single-center trial in a high-income country in which we have easy access to drugs and equipment needed to control both maternal bleeding and the neonatal temperature. Estimating the amount of maternal blood loss was at the clinician's discretion, thereby introducing potential researcher bias. However, at the time of surgery, the clinicians were unaware of this study and, thus, the impact of this seems limited. Furthermore, we included objective variables evaluating the maternal blood loss such as maternal blood transfusions and hemoglobin differences. Protocol adherence in the post-cohort was not optimal with only 71% of the infants receiving delayed cord clamping for 3 min. Protocol adherence was similar in the first 6 months and the last 6 months of the post-cohort (69 vs. 72%). Reasons for early cord clamping were among others increased maternal bleeding and need for neonatal support. The retrospective design also introduces the risk of bias which is important to consider when interpreting the results, such as the incidence of moderate hypothermia. Around the same time of introducing delayed cord clamping, our hospital also altered its registration system for neonatal parameters. This new system resulted in improved documentation, explaining the difference with the cohort after protocol adjustment.



CONCLUSIONS

Delayed cord clamping for 3 min during term cesarean sections appeared not to result in increased maternal bleeding complications. This study adds to the growing body of evidence assessing maternal safety when optimizing placental transfusion.
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