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a b s t r a c t 

Objectives: To assess if quantitative blood loss (QBL) with dilation and evacuation (D&E) procedures cor- 

related with clinically relevant outcomes or hemorrhage. 

Study design: We used a de-identified database to review D&E procedures performed at UC Davis Health 

from April 2019 through March 2020. Surgeons determined QBL during procedures and estimated blood 

loss, when excessive, during post-procedure recovery. We extracted patient demographic and procedure- 

related information. We defined clinically relevant bleeding as cases with bleeding-related interventions 

within 24 hours post-procedure including use of ≥2 uterotonics, tranexamic acid administration, cervical 

injury requiring repair, uterine balloon tamponade, blood transfusion, uterine artery embolization, hos- 

pitalization, or return to operating room; the latter 5 criteria defined hemorrhage. We used χ2 test for 

trend to evaluate bleeding outcomes. 

Results: We evaluated 431 procedures with a mean gestational age of 19 weeks and 3 days. Clinically rel- 

evant bleeding outcomes occurred in 6/319 (2%), 15/97 (15%) and 7/12 (58%) patients with total blood loss 

< 250mL, 250 −500mL and > 500mL, respectively ( p < 0.0001); 11 had bleeding related to cervical injuries. 

Hemorrhage occurred in 0, 4/97 (4%) and 5/12 (42%) patients, respectively ( p < 0.0 0 01). Patients with rel- 

evant bleeding outcomes had QBLs ranging from 150 −1800mL (median QBL 312.5mL, interquartile range 

[IQR] 250 −550mL) while those without clinically relevant bleeding ranged from 10 −900mL (median QBL 

150mL, IQR 75 −200mL). 

Conclusion: Most patients (75%) with clinically relevant bleeding outcomes had QBL ≤500mL. Although 

higher QBL correlates with clinical interventions, the need for significant interventions rather than a sin- 

gle blood loss amount should be used to define hemorrhage with D&E procedures. 

Implications: Clinical hemorrhage is best defined by the necessary clinical interventions required to man- 

age bleeding rather than any quantified amount of blood loss. 

© 2022 Elsevier Inc. All rights reserved. 
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. Introduction 

Hemorrhage is the most common cause of procedural abortion- 

elated mortality, accounting for 41% of deaths at 13 or more 

eeks gestation based on U.S. data from 1998 −2010 [1] . The in- 

idence of hemorrhage with dilation and evacuation (D&E) ranges 

rom 0.9 to 10 per 1,0 0 0 cases [2–6] ; the wide range is primar-

ly related to the variable definitions across studies. These def- 

nitions include both volume references ( > 250 mL or > 500 mL 

lood loss) and outcomes (e.g., requiring hospitalization or requir- 

ng transfusion). These inconsistent definitions make comparisons 

f incidence, risk factors and treatment difficult. Additionally, esti- 

https://doi.org/10.1016/j.contraception.2022.11.005
http://www.ScienceDirect.com
http://www.elsevier.com/locate/contraception
http://crossmark.crossref.org/dialog/?doi=10.1016/j.contraception.2022.11.005&domain=pdf
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Table 1 

Characteristics of D&E patients at University of California, Davis from April 2019 

through March 2020 

Characteristic 

Total 

N = 428 

Age (y) 28.6 ± 6.8 

BMI (kg/m 

2 ) 29.9 ± 8.3 

> 30 172 (40.2%) 

Obstetrical history 

Nulliparous 122 (28.5%) 

History of 

vaginal delivery 

240 (56.1%) 

History of 

cesarean delivery 

117 (27.3%) 

History of 

cesarean deliveries 

only 

66 (15.4%) 

Gestational age on procedure day 

< 17w6d 135 (31.5%) 

18w0d – 19w6d 87 (20.3%) 

20w0d – 21w6d 106 (24.8%) 

≥22w0d 100 (23.4%) 

Fetal demise 30 (7.0%) 

Bleeding risk assessment a 

Low risk 120 (28.0%) 

Moderate risk 288 (67.3%) 

High risk 18 (4.2%) 

Not recorded 2 (0.5%) 

w, weeks; d, days. 

Data are presented as n (%) or mean ± standard deviation. 
a see online Appendix 1. 
ating blood loss significantly underestimates actual blood loss by 

bout 50% [7] . Accordingly, many studies of hemorrhage incidence 

re inaccurate. Using measured or quantitative blood loss (QBL) re- 

ults in a more accurate measurement after abortion procedures 

nd vaginal births [ 7 , 8 ]. 

The Society of Family Planning (SFP) suggests that a clinically 

elevant definition of hemorrhage would include both a clinical 

esponse to excessive bleeding, such as transfusion or admission, 

nd/or bleeding > 500 mL [9] . However, no studies have evalu- 

ted the correlation of outcomes or any specific blood loss mea- 

urement to bleeding-related morbidity. A hemorrhage definition 

hould consider that all interventions are not clinically equal. For 

xample, a patient that receives multiple uterotonics to manage 

ost-procedure bleeding does not have the same level of morbid- 

ty as a patient who requires a uterine artery embolization (UAE). 

 standard hemorrhage definition would allow for data synthesis 

or larger analyses in line with the Core Outcomes in Effective- 

ess Trials (COMET) initiative [ 10 , 11 ] and enable improved research 

n procedural morbidity and interventions to decrease significant 

lood loss. We performed this analysis to characterize the relation- 

hip between blood loss and interventions for bleeding complica- 

ions for D&E procedures as a first step at developing an evidence- 

ased hemorrhage definition. 

. Materials and methods 

We aimed to identify if any specific QBL with D&E procedures 

orrelated with clinically relevant bleeding outcomes. We hypoth- 

sized QBL would not consistently correlate with the need for 

ost-procedure interventions related to bleeding complications. We 

sed the UC Davis Family Planning Division database to query D&E 

rocedures for a 1-year period from April 1, 2019 through March 

1, 2020. We chose this time frame as the first year following a 

witch from using an estimated blood loss (EBL) to a modified 

uantitative blood loss (mQBL) during abortion procedures. With 

se of QBL as described for D&E research, a regimented process is 

sed including weighing of the biohazard bag with addition of ex- 

ra items to account for unmeasured loss [7] . We used a mQBL in

hich we quantified amniotic fluid removed early in the procedure 

o subtract from the final estimate, estimated blood loss on gauze 

nd similar drapes based on typical blood in a saturated pad, and 

easured volume of blood in the collection container after remov- 

ng fetal parts. 

We used the de-identified database to extract patient demo- 

raphic and procedure-related information. We included all pa- 

ients, including those with a coagulopathy or using anticoagula- 

ion; we only excluded patients that had an urgent D&E prompted 

y a bleeding complication during pregnancy. Surgeons included 

omplex Family Planning faculty, fellows or residents with all pro- 

edures performed or supervised by 1 of the specialist faculty 

embers. Based on medical history and pregnancy characteristics, 

hysicians assigned a pre-operative bleeding risk assessment (low, 

edium, or high) based on SFP guidelines (online Appendix 1) [9] . 

ervical preparation typically occurred with standardized use of 

ilapan-S osmotic dilators placed the day prior to surgery and with 

ccasional use of misoprostol only initiated a few hours prior to 

he planned procedure, as per our standard practice and described 

n prior literature [12] . Procedural anesthesia included intravenous 

ropofol, fentanyl and versed. All patients received cervical anes- 

hesia with lidocaine 1% 20 mL with vasopressin 4 units. Addition- 

lly, patients at 15 weeks or more gestation considered at mod- 

rate or high risk for hemorrhage and all at 18 weeks or more 

egardless of risk received oxytocin 30 units in 500 mL normal 

aline intravenously during the procedure [13] . Surgeons did not 

se prophylactic methylergonovine. Surgeons made individual de- 

isions regarding the need for and type of interventions related to 
2 
leeding based on the clinical scenario. Patients were typically ob- 

erved in recovery for 1 −2 hours post-procedure and nurses noti- 

ed physicians if they recognized increased vaginal bleeding dur- 

ng observation. 

We differentiated cases with clinically relevant bleeding from 

hose with a significant outcome, which should be defined as hem- 

rrhage. We defined clinically relevant bleeding when any of the 

ollowing interventions occurred related to blood loss within 24 

ours post-procedure: use of ≥2 uterotonics (not including stan- 

ard oxytocin infusion), tranexamic acid administration, cervical 

njury requiring repair, uterine balloon tamponade, UAE, blood 

ransfusion, hospitalization, or return to operating room. We con- 

idered hemorrhage as a true complication reflecting the need for 

terine balloon tamponade, UAE, blood transfusion, hospitalization, 

r return to operating room. We included blood loss as mQBL dur- 

ng the procedure and, for patients with excessive bleeding in the 

ecovery room and return to the operating room, all blood loss as 

escribed as either estimated or mQBL until completion of the sec- 

nd operating room case. For patients who returned with a bleed- 

ng complication after discharge (delayed hemorrhage), we only in- 

luded the mQBL for their primary procedure in the analysis. 

We compared median mQBL for patients with and without clin- 

cally relevant bleeding outcomes using Kruskal-Wallis test with 

airwise comparisons, χ2 test for trends, and Fisher exact test, 

s appropriate, with a p < 0.05 considered significant. We used SAS 

oftware (Version 9.4) for all analyses. The University of California, 

avis Institutional Review Board reviewed the study and consid- 

red it exempt. 

. Results 

We reviewed 431 D&E procedures performed during the study 

eriod of which we excluded 3 who had emergent procedures due 

o obstetric bleeding. Patient demographics for the remaining 428 

atients are presented in Table 1 , with a mean gestational age of 

9 weeks 3 days and patient ages ranging from 13 −46 years. Two 

0.5%) patients (D&E mQBL 50 mL and 200 mL) had uncomplicated 
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Table 2 

Clinically relevant bleeding outcomes for D&E patients at University of California, Davis from April 2019 through March 2020 

Gestational 

age 

Bleeding risk 

assess-ment Pre-procedure issues 

mQBL (mL) 

initial 

procedure 

Post-procedure 

blood loss a 
Bleeding interventions 

Cervical injury 

repair 

Uterotonics 

(doses) 

Intrauterine 

balloon Other 

14w4d Moderate Fetal demise 200 N/A No 2 No None 

15w2d Moderate None 300 N/A No 0 Yes b Hospitalization 

15w5d Moderate Fetal demise 20 1300 No 3 Yes Return to OR c , 

reaspiration, DIC, 

blood transfusion, 

ICU admission 

17w2d Low None 150 N/A Yes 1 No None 

18w1d Low None 210 N/A Yes 1 No None 

19w6d Moderate None 150 N/A Yes 1 No None 

20w0d Moderate None 250 N/A Yes 1 No None 

20w1d Moderate None 250 N/A No 2 No None 

21w0d Moderate Trisomy 21, 

anomalies 

1800 N/A No 2 No TXA, UAE 

21w0d High None 600 N/A Yes 1 No None 

21w5d Moderate Trisomy 21 450 N/A No 1 Yes None 

21w6d Moderate Decompen-sated 

alcoholic cirrhosis, 

thrombo-cytopenia 

550 980 No 2 Yes Return to OR, 

reaspiration, TXA, 

blood and platelet 

transfusion 

21w6d Moderate Fetal 45X, anomalies 1635 N/A No 2 No Reaspiration, TXA, 

blood transfusion, 

vaginal packing, ICU 

admission 

21w6d Moderate None 250 N/A No 2 No None 

22w0d Moderate None 200 N/A No 2 No None 

22w0d Moderate Trisomy 21 500 N/A No 1 Yes None 

22w1d Moderate None 400 N/A Yes 0 No None 

22w3d Moderate None 325 N/A No 2 No None 

22w3d Moderate None 300 N/A No 2 No None 

22w4d Moderate None 450 N/A No 2 No None 

22w4d Moderate None 250 N/A Yes 1 No None 

22w4d Moderate None 250 50 Yes No No Return to OR c 

22w4d Moderate None 450 N/A Yes 1 No None 

22w5d Moderate Trisomy 21, 

anomalies 

1000 N/A Yes 1 No Hospitalization 

22w6d Moderate Fetal anomalies 250 N/A No 3 No None 

23w2d Moderate None 950 N/A No 2 No None 

23w6d Moderate None 450 N/A Yes 1 No None 

23w6d Moderate Fetal anomalies 200 N/A No 2 No None 

DIC, disseminated intravascular coagulopathy; ICU, intensive care unit; mQBL, modified quantitative blood loss; OR, operating room; TXA, tranexamic acid; w, weeks; d, 

days. 

Bolded rows have outcomes consistent with hemorrhage. 
a Post-procedure loss includes estimated loss in recovery room and mQBL from second procedure, when applicable. 
b Suspected arteriovenous malformation noted on ultrasound examination prior to procedure. 
c Bleeding during recovery not quantified (reported as soaked pad 60% in 30 minutes), 50 mL post-procedure loss recorded during second procedure; all interventions 

after return to OR. 
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rocedures and returned to the hospital after discharge with sig- 

ificant bleeding requiring further interventions. 

The median mQBL for the study population was 150 mL 

interquartile range 75 −250 mL). Twenty-eight (6.5%, 95% CI 

.2% −8.9%) patients had clinically relevant bleeding outcomes 

nd 9 (2.1%, 95% CI 0.7% −3.5%) met criteria for hemorrhage, 

ith case details provided in Table 2 . Of note, 1 of the pa-

ients who required hospitalization was already in the hospi- 

al due to liver failure. Eleven patients had bleeding related to 

ervical injuries requiring repair with mQBL amounts ranging 

rom 150 −10 0 0 mL; the other 17 patients had uterine bleed- 

ng with mQBL amounts ranging from 20 0 −180 0 mL. Clinically 

elevant bleeding occurred in 2/30 (6.7%, 95% CI 0% −15.6%) pa- 

ients with IUFD and 26/398 patients without IUFD (6.6%, 95% CI 

.1% −9.0%). 

Clinically relevant bleeding outcomes occurred in 6/319 (2%), 

5/97 (15%) and 7/12 (58%) patients with total blood loss < 250 

L, 250 −500 mL and > 500 mL, respectively ( p < 0.0001). Hemor-

hage occurred in 0, 4/97 (4%) and 5/12 (42%) patients with to- 

al blood loss < 250 mL, 250 −500 mL and > 500 mL, respectively
3 
 p < 0.0 0 01). The study population included two patients with a co-

gulopathy and 1 using anticoagulation. One patient with a coag- 

lopathy had liver failure due to alcoholic cirrhosis with thrombo- 

ytopenia (57,0 0 0/mm 

3 ) and underwent an initially uncomplicated 

&E at 21 weeks 6 days gestation with a mQBL of 550 mL; how- 

ver, the patient had significant bleeding during recovery necessi- 

ating return to the OR ( Table 2 ). The second patient with a co-

gulopathy (immune thrombocytopenic purpura on chronic pred- 

isone 20 mg daily) had a D&E at 17 week 3 days for intrauterine 

etal demise with a mQBL of 175 mL. Pre-procedure, the patient 

ad prolonged partial thromboplastin time and elevated d-dimers, 

resumed to be related to the demise, and received fresh frozen 

lasma pre-operatively. The patient using anticoagulation (thera- 

eutic low molecular weight heparin, stopped 36 hours before pro- 

edure) had a history of pulmonary embolus in a prior pregnancy 

nd underwent a D&E at 23 weeks 4 days gestation with a mQBL 

f 500 mL. Neither of the latter two patients had clinically relevant 

leeding. 

The median mQBL measurements for the 28 patients with and 

he 400 patients without clinically relevant bleeding are reported 
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Table 3 

Blood loss for 428 patients with and without clinically relevant bleeding with D&E procedures at University of California, Davis from 

April 2019 through March 2020 

Clinically relevant bleeding a No clinically relevant bleeding No uterotonics One uterotonic 

n = 28 n = 400 n = 335 n = 65 

mQBL (Median, IQR) 312.5 (250 −550) mL 150 (75 −200) mL 115 (50 −200) mL 200 (150 −300) mL 

Range 150 −1800 mL 10 −900 mL 10 −550 mL 50 −900 mL 

p -value b referent < 0.0001 < 0.0001 0.0004 

IQR, interquartile range; mQBL, modified quantitative blood loss. 
a Required intervention for bleeding within 24 hours post-procedure, including use of ≥2 uterotonics (not including standard oxytocin 

infusion), cervical laceration requiring repair, tranexamic acid administration, uterine balloon tamponade, uterine artery embolization, 

blood transfusion, hospitalization, or return to operating room. 
b Comparing median mQBL to patients without clinically significant bleeding. 
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n Table 3 . Among patients who received no or 1 uterotonics, 

edian QBLs were 115 mL (IQR 50 −200 mL) and 200 mL (IQR 

50 −300 mL), respectively ( p < 0.0 0 01). The median mQBL for the

 patients with hemorrhage was 10 0 0 mL (IQR 450 −1530 mL). 

Physicians recorded pre-operative bleeding risk assessments for 

26 patients and assigned risks as low, moderate and high in 120 

28.2%), 288 (67.6%), and 18 (4.2%) of patients, respectively. The 

umber in each group that experienced clinically relevant bleeding 

ere 2 (1.7%), 25 (8.7%), and 1 (5.6%), respectively (test for trend 

 = 0.03) with no difference between moderate and high-risk pa- 

ients (Fisher exact test p = 1.0). 

. Discussion 

Our findings suggest no single amount of blood loss is easily 

orrelated with clinical interventions and hemorrhage. Most pa- 

ients (21/28 [75%]) requiring additional interventions have QBL 

500 mL. About 40% of patients with blood loss of more than 500 

L had no clinically relevant bleeding outcomes with the proce- 

ure, including a patient with mQBL as high as 900 mL. Interest- 

ngly, 6/319 (1.9%) patients with a blood loss < 250 mL had a clini-

ally relevant bleeding event. These findings likely reflect quick ac- 

ion by expert surgeons who recognized the clinical situation and 

ntervened to limit the bleeding before the amount was excessive. 

nlike the SFP guidelines [9] which suggested that clinical hem- 

rrhage may be defined as both the clinical response to excessive 

leeding and/or bleeding more than 500 mL, our study suggests 

 higher degree of importance to the clinical aspects of this def- 

nition and demonstrates that no specific amount of blood loss is 

ndependently diagnostic. 

We did not include blood loss estimates that occurred in the re- 

overy room for uncomplicated patients or additional loss after re- 

eat procedures because the goal was to assess if a specific volume 

orrelated with clinical interventions to define hemorrhage. Includ- 

ng these values would not have changed the conclusions and only 

ncreased the blood loss amounts for uncomplicated patients. We 

ote that our mQBL amounts are lower than those reported with 

trict QBL assessments [7] , which may imply that we underesti- 

ated actual blood loss in all patients. We used a mQBL process 

n clinical practice which is less time consuming while approxi- 

ating the most important steps of the regimented QBL process. 

owever, our lower blood loss amounts could also be explained 

y our use of prophylactic intravenous oxytocin which significantly 

ecreases blood loss with D&E procedures [13] and was not used 

y the investigators that performed prior QBL assessments [7] . 

Surgeons typically provide early intervention when increased 

leeding is present to prevent clinically significant bleeding, most 

otably uterotonics. We only included use of two uterotonic agents 

s indicative of clinically significant bleeding because 1 agent 

ould imply some early bleeding for which treatment prevented 

he need for any further interventions. In our series, 65 (15.2%) pa- 

ients received 1 uterotonic (typically methylergonovine) without 
4 
ny other interventions and mQBL totals ranging from 50-900 mL. 

hereas recent data suggests that prophylactic methylergonovine 

ay result in worse bleeding outcomes [14] , our findings suggest 

hat use when clinically indicated appears to be a reasonable op- 

ion. 

We found no correlation of increased clinically relevant bleed- 

ng outcomes in patients with predicted high as compared to mod- 

rate bleeding risk. Surgeons did not do anything different for 

oderate- and high-risk patients other than obtaining different 

abs and cross-matching blood in advance. However, it is possible 

hat in clinical practice, we behaved differently to prevent bleeding 

ore in this high-risk group. It is also possible that patients with 

ultiple moderate risk factors could be at higher risk than those 

ith 1 risk factor, an assessment outside the scope of this report. 

hese results suggest that further research is needed to reevalu- 

te factors that predict significant bleeding with D&E procedures 

o optimize pre-procedure use of resources such as crossmatching 

nd laboratory testing. 

Our D&E clinically relevant bleeding rate was 65 per 1,0 0 0 cases 

nd our hemorrhage rate was 21 per 1,0 0 0 cases. The difference 

n these rates reflects that bleeding interventions during D&E rep- 

esent a spectrum and the term hemorrhage should truly reflect 

 significant outcome, as we define in our series as uterine bal- 

oon tamponade, UAE, blood transfusion, hospitalization, or return 

o operating room. Our hemorrhage rate is higher than the range 

f 0.9 to 10 per 1,0 0 0 cases reported in the literature [2–6] , which

ay reflect a high-risk population referred to our center or, per- 

aps, a more realistic rate in contemporary practice. The SFP def- 

nition [9] of hemorrhage would include all of our clinically rele- 

ant bleeding cases plus an additional 5 patients with QBL > 500 

L who did not have any clinically relevant bleeding outcomes, 

esulting in an even higher rate of 77 per 1,0 0 0 cases. These num-

ers reflect the importance of recognizing a gradation of bleeding 

utcomes with D&E from none to clinically relevant bleeding to 

emorrhage. 

Our findings are limited by the small number of patients with 

elevant bleeding outcomes meaning our results can be considered 

xploratory at best; a larger sample may demonstrate a clearer 

orrelation of blood loss amounts and clinical interventions and 

utcomes related to hemorrhage. Although our data may support 

ew definitions for clinically relevant bleeding and hemorrhage, 

ur results related to amount of blood loss and hemorrhage rates 

ay only be generalizable to other referral centers like ours. Ad- 

itionally, measurements of continued blood loss outside of the 

perative room were accounted for by using EBL rather than QBL, 

hich makes finding the true total amount of blood loss difficult 

o achieve. However, because patients with this excessive bleeding 

ad a blood loss of 1,0 0 0 mL or more and required multiple inter-

entions to treat, this estimation does not likely alter the overall 

ndings. Lastly, the electronic medical record did not consistently 

eflect race and ethnicity so we felt we could not accurately in- 

lude these patient characteristics. 
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[

Our outcomes reflect real life scenarios with surgeons mak- 

ng individual decisions regarding the need for and type of inter- 

entions related to bleeding based on the clinical situation. Clin- 

cal hemorrhage may be best defined within the collective symp- 

omatic profile of the patient, which could include symptoms and 

ital sign changes as well as the clinician’s response to bleeding 

ather than any quantified amount of blood loss. Continuing to 

ather data using clinical outcomes may enable development of 

ore accurate guidelines and additional interventions to decrease 

ignificant blood loss. 
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