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Abstract 
Background: With newer protocols, such as delayed cord clamping, becom-
ing routine practice, determining the potential maternal consequences is im-
portant. In particular, establishing normative values for blood loss from the 
hysterotomy would be helpful in addressing techniques to minimize total 
blood loss for cesarean deliveries. Objective: Blood loss from the hysterotomy 
during cesarean delivery has not been reported using quantitative methods. 
We aimed to quantify the rate of blood loss during cesarean delivery from the 
hysterotomy between creation and closure. Methods: This single center, 
prospective, case series was collected in 2018. Women with singleton preg-
nancies undergoing cesarean delivery at ≥37 0/7 weeks at Brigham and 
Women’s Hospital were included. Delayed cord clamping was performed 
which allowed for quantification of blood loss through gravimetric methods 
and descriptive statistics were performed. Results: Twenty patients were in-
cluded. The mean hysterotomy closure delay for cord blood collection was 47 
seconds (SD 10.2) and the mean maternal blood volume collected was 110.8 
mL (SD 53.4 mL). Blood loss per minute was calculated with a median of 150 
mL/minute (IQR 88.8 mL, 95% CI 109.2 - 190.4 mL). The mean post-operative 
hematocrit drop was 4.4%, and there were no blood transfusions. There was a 
single hysterotomy extension and a quantified blood loss of 413 mL per mi-
nute. Conclusion: We found a mean blood loss of 150 mL/min without 
hysterotomy extension. With a hysterotomy extension, the blood lost per 
minute was more profound. This normative data can be helpful for surgical 
planning with regards to delayed cord clamping or cord blood collection for 
banking. 
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1. Introduction 

All aspects of surgical bleeding during cesarean delivery are relevant points of 
intervention in order to minimize maternal morbidity from hemorrhage. While 
uterine atony and abnormal placentation are frequently mentioned in this dis-
cussion, normative data regarding blood loss from the non-pathologic compo-
nents of this surgical procedure are lacking. With newer protocol, such as de-
layed cord clamping, becoming routine practice, determining the potential ma-
ternal consequences is important [1]. In particular, establishing normative val-
ues for blood loss from the hysterotomy would be helpful in addressing tech-
niques to minimize total blood loss for cesarean deliveries. When the hysterotomy 
is created during a cesarean delivery, there is inevitably bleeding from the dis-
rupted myometrial edges of the incision. Hysterotomy bleeding is highly variable 
depending upon whether there are venous sinuses involved or extensions into 
the uterine vasculature. In the late 1980’s and early 1990’s, there were several 
studies evaluating the potential hemostasis benefits of using surgical staplers on 
the hysterotomy; however, those trials employed only estimated rather than 
measured blood loss and only one reported the blood loss specifically from the 
hysterotomy rather than the entire procedure [2] [3] [4] [5]. In that study of 101 
patients a mean blood loss of 294 mL was reported based on surgeons’ estimates 
[2]. The purpose of this pilot study is to more accurately quantify the rate of 
blood loss that a mother incurs from the hysterotomy between creation and clo-
sure. 

2. Materials and Methods 

This prospective pilot study was approved by the Partners Human Research 
Committee Institutional Review Board including a waiver of informed consent 
given there was no significant deviation from standard care. Given the absence 
of prior data, a sample size of 20 patients approved as a pilot study to acquire 
baseline data that could be used to appropriately power future research. After 
approval from the delivering obstetrician, a convenience sample of women 
scheduled for elective or non-elective cesarean delivery at Brigham & Women’s 
Hospital, a single tertiary medical center between January 1st and April 30th, 2018 
were approached. Eligible women were 18 years or older with a singleton preg-
nancy at 37 0/7 weeks gestational age or greater with delayed cord clamping 
planned at the time of delivery. A protocol for delayed umbilical cord clamping 
for 60 seconds during cesarean delivery has been in place at our institution since 
2017. Patients ineligible for cord clamping include suspected abruption, placenta 
previa, vasa previa, monochorionic twins, or pediatrician request for expedited 
clamping to facilitate neonatal resuscitation. Women with placenta previa, sus-
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pected placenta accreta, known coagulopathy, or urgent cesarean delivery were 
excluded from this study.  

After delivery, the surgical field was cleared of existing fluids and dry lapa-
rotomy sponges were applied to the hysterotomy. This allowed for collection of 
blood lost from the hysterotomy during the time of delayed cord clamping. Ox-
ytocin is routinely administered after delivery of the infant. Total time of 
hysterotomy blood collection was from the placement of the first dry laparotomy 
sponge on the hysterotomy until the umbilical cord was clamped. Blood loss was 
quantitated using the Triton L&D gravimetric system (Gauss Surgical, Menlo 
Park, CA). Blood-soaked sponges were weighed on an electronic scale, and the 
sponge dry weight subtracted for gravimetric calculation of blood loss. In-
traoperative collected data included the duration of laparotomy pad application 
to the uterus, time of delayed cord clamping, and quantitative blood loss. Study 
coinvestigators directly observed the entire collection period to ensure adher-
ence to the study protocol and collected data. 

Recorded data included the date of procedure, patient demographics, indica-
tion for cesarean delivery, primary versus repeat cesarean delivery, pre-operative 
and postpartum day one hematocrit and platelet counts, hysterotomy blood col-
lection time, milliliters of blood loss by gravimetry, surgeon estimated blood loss 
for the case, presence or absence of hysterotomy extensions, and blood transfu-
sion.  

Statistical analysis included descriptive statistics with a students’ t-test for 
continuous variables and p-values of <0.05 considered significant. Mean values 
are presented with standard deviation and median values are presented with in-
terquartile range. Analyses were conducted using the statistical package SPSS 
version 24.0 (SPSS Inc., Chicago, IL).  

3. Results 

Twenty patients were recruited. Table 1 details the baseline patient characteris-
tics. The average age was 32 years old, 65% of cases were repeat cesarean deliv-
eries, and 40% of the cases were in labor at the time of cesarean delivery. The 
average gestational age was 38.7 weeks (±1.3). Pre-operative hematocrits ranged 
from 27.5% to 42.7% with a mean of 35.8% (±3.8%). Pre-operative platelets 
ranged from 138 to 329 K/μL with a mean of 239 (±60 K/μL). Table 2 details the 
operative and post-operative findings. The average surgeon-estimated blood loss 
for the group was 775 cc (±148 cc).  

The mean time of collection was 47 seconds (±10.2) and the mean blood col-
lected during this time was 110.8 mL (±53.4 mL). The mean post-operative re-
duction in hematocrit (pre-delivery hematocrit – postpartum day 1 hematocrit) 
was 4.4%, and there were no blood transfusions. The blood loss per patient was 
standardized to one minute (blood volume × [60/collection time]). The median 
blood loss per minute was 150 mL (inter quartile range 88.8 mL, 95% CI 109.2 - 
190.4 mL) and not normally distributed (Figure 1). One case involved a 
hysterotomy extension and this case had the most rapid rate of bleeding (186 mL  
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Table 1. Patient demographics.  

Characteristic n (%) 

Age (years) 32 ± 4.4 

Nulliparous 6 (30%) 

Multiparous 14 (70%) 

Gestational age (mean ± SD) 38.7 ± 1.3 

Pre-operative Hct (mean ± SD) 35.8% ± 3.8% 

Pre-operative Plt (mean ± SD) 239 ± 60 K/μL 

Indication for cesarean delivery  

Elective Primary 1 (5%) 

Scheduled Repeat 9 (45%) 

Malpresentation 3 (15%) 

Prior Uterine Surgery 1 (5%) 

Non-reassuring fetal status 1 (5%) 

Failure to progress 3 (15%) 

Failed TOLAC 2 (10%) 

Primary Cesarean 7 (35%) 

Repeat Cesarean 13 (65%) 

Labored Cesarean 8 (40%) 

 
Table 2. Features of the cesarean section cases. 

Characteristic Average ± standard deviation 

Post-operative Hct (mean ± SD) 30.3% ± 3.8% 

Hematocrit % change 4.4% ± 3.1% 

Volume of collected blood 110.8 ± 53.4 mL 

Suction time 46.6 ± 3.8 sec 

Median blood loss per minute 150.0 ± 86.7 mL/min 

Case estimated blood loss 775 ± 148 mL 

Hysterotomy extension 1 

Blood transfusions 0 

 

 
Figure 1. Hysterotomy blood loss per minute from the hysterotomy in the case series. 
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in 27 seconds) and highest quantitated rate of blood loss at 413 mL per minute 
of blood.  

4. Discussion 

This prospective pilot study aimed to quantitatively assess blood loss from the 
hysterotomy between creation and closure during cesarean delivery at a single 
academic tertiary care center. In the absence of a hysterotomy extension, the 
quantified blood loss from the hysterotomy between creation and closure was 
150 mL/min. However, in one case of a hysterotomy extension, maternal blood 
loss per minute increased nearly three-fold. This is the first report to quantify 
the blood loss between creation and closure of the hysterotomy during a cesare-
an delivery.  

There is limited data that quantifies blood loss during cesarean delivery as a 
function of time. Noah et al. compared 34 patients undergoing an ex utero 
intrapartum treatment (EXIT) procedure in which a stapler was used to seal the 
hysterotomy edges to 52 non-laboring patients undergoing non-emergent ce-
sarean delivery and found that there was no difference in post-delivery hemo-
globin change [6]. A recent clinical trial by Purisch et al. randomized 113 pa-
tients to immediate cord clamping or delayed cord clamping. Change in hemo-
globin in the delayed cord clamping group was 1.9 g/dL compared to a change in 
hemoglobin of 1.8 g/dL in the immediate cord clamping group, a result not sta-
tistically different when powered to detect a 0.9 g/dL difference maternal hemo-
globin [1]. This study was limited in that it included only patients undergoing 
scheduled cesarean deliveries, and cannot be extrapolated to labored cesareans, 
which are more likely to be complicated by hysterotomy extensions. In prior 
studies, hysterotomy extensions are associated with increased blood loss, longer 
operating time, and evaluations for lower urinary tract injury [7]. 

A strength of this study was our method of blood collection from the hysterotomy 
site. Although some degree of contamination from amniotic fluid may be unavoida-
ble, we minimized this by excluding sponges that were used prior to the 
hysterotomy creation and including only dry sponges placed on the site after the 
time of delivery and during umbilical cord clamping. This meticulous methodolo-
gy allowed us to isolate uterine-based bleeding during a well-defined time period. 
Limitations of this study include the small sample size, lack of standardization of 
cesarean delivery practices among surgeons, and that blood lost at the time of 
hysterotomy creation and active closure was not captured by our methods. Addi-
tionally, oxytocin infusion is initiated at time of cord clamping in a standardized 
way at our institution, and there were no cases of postpartum hemorrhage from 
uterine atony in the case series. Finally, we noted an increased rate of blood loss 
with a concurrent hysterotomy extension, but no conclusions can be drawn from a 
single case.  

5. Conclusion 

In conclusion, this pilot study provides preliminary data about the rate of blood 
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loss from the hysterotomy during cesarean delivery. Based on our findings, the 
median blood loss from an uncomplicated hysterotomy was approximately 150 
mL of blood per minute, and our data suggest that this may be much higher in 
the setting of a hysterotomy extension. Our findings suggest that attention to 
and control of hysterotomy bleeding from large sinuses or possible extensions is 
important and should factor into the decision to delay umbilical cord clamping 
or cord blood collection for banking. If there is pre-existing maternal anemia or 
rapid bleeding, consideration for immediate cord clamping or deferment of cord 
blood banking is warranted. This study provides preliminary data about the 
blood loss associated with this component of a cesarean delivery and will help 
surgeons in considering hysterotomy management and related blood loss impli-
cations.   
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