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Abstract 

Background: Prehospital obstetric events encountered by emergency medical services (EMS) can be high‑risk 
patient presentations for which suboptimal care can cause substantial morbidity and mortality. The frequency of pre‑
hospital obstetric events is unclear because existing descriptions have reported obstetric and gynecological condi‑
tions together, without delineating specific patient presentations. Our objective was to identify the types, frequency, 
and acuity of prehospital obstetric events treated by EMS personnel in the US.

Methods: We conducted a cross‑sectional analysis of EMS patient care records in the 2018 National EMS Information 
System dataset (n=22,532,890). We focused on EMS activations (i.e., calls for service) for an emergency scene response 
for patients aged 12‑50 years with evidence of an obstetric event. Type of obstetric event was determined by examin‑
ing patient symptoms, the treating EMS provider’s impression (i.e., field diagnosis), and procedures performed. High 
patient acuity was ascertained by EMS documentation of patient status and application of the modified early obstet‑
ric warning system (MEOWS) criteria, with concordance assessed using Cohen’s kappa. Descriptive statistics were 
calculated to describe the primary symptoms, impressions, and frequency of each type of obstetric event among 
these activations.

Results: A total of 107,771 (0.6%) of EMS emergency activations were identified as involving an obstetric event. The 
most common presentation was early or threatened labor (15%). Abdominal complaints, including pain and other 
digestive/abdomen signs and symptoms, was the most common primary symptom (29%) and primary impression 
(18%). We identified 3,489 (3%) out‑of‑hospital deliveries, of which 1,504 were preterm. Overall, EMS providers docu‑
mented 34% of patients as being high acuity, similar to the MEOWS criteria (35%); however, there were high rates of 
missing data for EMS documented acuity (19%), poor concordance between the two measures (Cohen’s kappa=0.12), 
and acuity differences for specific conditions (e.g., high acuity of non‑cephalic presentations, 77% in EMS documenta‑
tion versus 53% identified by MEOWS).

Conclusion: Prehospital obstetric events were infrequently encountered by EMS personnel, and about one‑third 
were high acuity. Additional work to understand the epidemiology and clinical care of these patients by EMS would 
help to optimize prehospital care and outcomes.
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Background
Thousands of mothers in the US give birth outside of a 
healthcare setting or experience an obstetric event each 
year [1], often resulting in treatment by emergency medi-
cal services (EMS). However, little is known regarding 
prehospital obstetric events in the US. Current national 
estimates of the frequency of these events do not differ-
entiate between gynecological and obstetric complaints 
[2–4], nor are the specific conditions treated most com-
monly by EMS personnel known. The paucity of data pre-
sents a challenge for improving the education, training, 
and clinical protocols of EMS personnel. Similarly, there 
are no evidence-based guidelines covering prehospital 
obstetric care beyond recent efforts to address maternal 
resuscitation during cardiac arrest [5].

Evidence from other countries suggests that obstetric 
events, including events like unplanned out-of-hospital 
delivery or post-partum hemorrhage, are low frequency 
but potentially high-risk patient presentations. Between 
0.5-1% of all emergency EMS calls are estimated to be an 
EMS-attended delivery [6, 7]. Unplanned out-of-hospi-
tal deliveries are associated with increased risk of major 
complications such as postpartum hemorrhage, neonatal 
intensive care admission, and maternal or neonatal death 
[8–13]. Because of limited exposure to these patients, 
many EMS personnel feel unprepared or even fear hav-
ing to manage the prehospital care of a pregnant patient 
[14]. Furthermore, a better understanding of the acuity of 
patients presenting with obstetric conditions would ena-
ble improved EMS planning and training.

The goal of this study was to provide a current descrip-
tion of prehospital obstetric conditions and emergen-
cies treated by EMS personnel. Our objective was to 
identify the types, frequency, and acuity of obstetric 
events treated by EMS in the US. Elucidating the types of 
patients and situations EMS personnel encounter is the 
first step to understanding how to improve obstetric care 
in the prehospital setting.

Methods
Study design, setting, & participants
This was a cross-sectional analysis of EMS patient 
care records in the National EMS Information System 
(NEMSIS) Public Release Research Dataset Version 3.4 
[15]. NEMSIS, a collaboration with the National High-
way Traffic Safety Administration’s Office of EMS and 
the University of Utah, is the largest repository of EMS 
patient care records in the United States, containing 
records for nearly 30 million activations (i.e., calls for 
service) each year from over 10,000 EMS agencies in 47 
states and territories [15]. EMS agencies and states sub-
mit a standardized set of national data elements for each 

record, which are then de-identified and made publicly 
available for research purposes.

For this study, we used EMS activations for an emer-
gency scene response (i.e., after a 9-1-1 call) with patient 
involvement from January 1, 2018 to December 31, 2018. 
We included activations for patients aged 12-50 years 
with a documented dispatch reason, symptom, impres-
sion, or procedure indicating an obstetric complaint, 
including out-of-hospital delivery. Because only patient 
gender, rather than biological sex, was recorded, we did 
not place restriction on the documented gender so as 
to not exclude transgender men. We excluded activa-
tions for a non-emergency response (e.g., interfacility or 
non-emergency medical transport); where the response 
was cancelled without patient contact or no patient was 
found on scene; if the patient was outside of the specified 
age range (including if age was missing); or if the record 
had no indication of an obstetric complaint or pregnancy.

The MassGeneral Brigham institutional review board 
reviewed this study and deemed it non-human subjects 
research due to the de-identified nature of the publicly 
available data.

Measures
We identified an EMS emergency activation involving 
an obstetric complaint based on one or more of the fol-
lowing: dispatch reason; primary and secondary symp-
toms documented by the treating EMS provider; the 
EMS provider’s primary and secondary impressions (i.e., 
field diagnosis) of the patient’s complaint; procedures 
performed by EMS; and the EMS provider’s documenta-
tion of the clinical protocol under which they provided 
care (Table S1). Dispatch reason was a standardized 
list of general complaints [15], from which we selected 
“2301057 – Pregnancy/childbirth/miscarriage.” Patient 
symptoms and provider impressions were based on a 
subset of International Classification of Diseases, Tenth 
Revision, Clinical Modification (ICD-10-CM) codes [16], 
for which we selected codes beginning with: O, P, Z32-
Z39, and Z3A. Neonatal codes were included because 
care of the mother and baby are frequently included in 
the same EMS record. Procedures were based on the 
Standardized Nomenclature of Medicine Clinical Terms 
(SNOMED CT) [17], for which we selected 26 proce-
dures relating to out-of-hospital delivery and care of the 
newborn. For the clinical protocol used during the acti-
vation, we selected five protocols relating to pregnancy, 
childbirth, and neonatal resuscitation from 112 total 
protocols.

We examined the primary symptom and primary 
impression of the emergency activations identi-
fied as being for an obstetric complaint or pregnant 
patient. We used the Agency for Healthcare Research 
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and Quality (AHRQ) Clinical Classifications Software 
Refined (CCSR) [18] categories to group the ICD-10-CM 
codes for these two variables into meaningful categories. 
We then further examined the frequency of 14 specific 
types of obstetric events treated by EMS, also based on 
the AHRQ CCSR categories. The categories included: 
early, first, or unspecified trimester hemorrhage; early or 
threatened labor; eclampsia, preeclampsia, and hyper-
tensive conditions; ectopic or molar pregnancy and 
complications; intra- and post-partum hemorrhage; mal-
position, disproportion, or other labor complications; 
maternal cardiac arrest (any etiology); multiple gestation 
delivery; non-cephalic presentation; nuchal cord; out-of-
hospital birth/delivery; preterm delivery; prolapsed cord; 
and spontaneous or induced abortion and complications. 
Table S2 lists the ICD-10 codes associated with each 
category.

As a secondary outcome, we examined the acuity of the 
patient as documented by the treating EMS provider in 
two ways. First, we defined a high acuity patient as one 
where the EMS provider documented the initial and/or 
final patient acuity as “critical,” “emergent,” or “dead with-
out resuscitation efforts.” The definitions of patient acu-
ity in NEMSIS are based on the National Highway Traffic 
Safety Administration’s National EMS Core Content [19]. 
However, EMS provider documented patient acuity is 
subjective since the decision is based on their own clini-
cal judgment rather than a standardized measure. Activa-
tions where acuity was documented as not applicable or 
not recorded were considered missing and not included 
in the denominator. Second, because of the subjective 
and potentially inconsistent nature of the EMS provider 
documented patient acuity as well as high rate of miss-
ingness, we used the modified early obstetric warning 

system (MEOWS) [20, 21] to determine an objective 
measurement of patient acuity (Table S3). MEOWS con-
sists of 8 physiological parameters with “red” and “yel-
low” alert criteria that was designed to be used to trigger 
evaluation of obstetric patients who may be at high risk 
of clinical deterioration and impending critical illness 
[20, 21]. We did not include the parameters for diastolic 
blood pressure and patient temperature because these 
were not available in the dataset. High acuity was defined 
as meeting one red or two yellow alert conditions, in line 
with the recommendations for its use for early recogni-
tion of high acuity obstetric patients. The MEOWS scor-
ing was calculated for all activations where data were 
available for at least 4 of the 6 components.

Data analysis
Descriptive statistics were calculated to describe the fre-
quency of each type of obstetric event and the primary 
symptoms and impressions among these activations. 
Among each type of obstetric event, we also examined 
the proportion considered high acuity. Available case 
analysis was used to handle missing data. Concordance 
between the two measures of patient acuity was deter-
mined using Cohen’s kappa statistic. Analysis was con-
ducted using Stata IC 15.1 (StataCorp, College Station, 
TX).

Results
In 2018, there were a total of 22,532,890 EMS activations 
included in the NEMSIS dataset, of which 17,654,408 
were an emergency scene response (Fig. 1). After apply-
ing the additional exclusion criteria (Fig.  1 and Table 
S1), we identified a total of 107,771 activations for an 

Fig. 1 Study flowchart. Abbreviation: EMS, emergency medical services
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obstetric complaint or pregnant patient, representing 
0.6% of all EMS emergency activations.

For all obstetric activations, the three most common 
primary symptoms (Table  1) were non-specific and 
included abdominal complaints, including pain and other 
digestive/abdomen signs and symptoms (n=29,350, 29%); 
other general signs and symptoms (n=12,901, 13%); and 
other specified female genital disorders (n=9,802, 10%). 
The most common primary impression (Table 2) was also 
abdominal complaints, including pain and other diges-
tive/abdomen signs and symptoms (n=18,222, 18%), 
followed by other specified complications in pregnancy 
(n=15,350, 15%) and malposition, disproportion, or 
other labor complications (n=13,743, 13%).

Of the 14 pre-specified conditions of interest based 
on the AHRQ CCSR categories, the most common type 
of obstetric complaint was early or threatened labor 
(Table  3; n=15,936, 15% of all obstetric activations). 
We identified 3,489 (3%) out-of-hospital deliveries, of 
which 1,504 were a preterm delivery. There were 1,395 
(1%) activations for hemorrhage during pregnancy and 
629 (0.6%) activations for hemorrhage during or after 
delivery. Maternal cardiac arrest was documented in 25 
(<0.1%) activations. There was a very low frequency of 

multiple gestation delivery and nuchal cord (<10 events 
each).

The EMS provider’s documentation of acuity was 
missing or not recorded in a substantial number of 
observations (19% overall; Table  4). Missing data for 
MEOWS was much lower at 3% overall, but for 28% of 
maternal cardiac arrest cases we could not calculate a 
MEOWS score because of missing data (e.g., missing 
vital signs). The proportion missing for each condition 
is reported in Table 4, ranging from 4% to 30% missing 
for EMS provider documented acuity. However, among 
activations with an EMS provider documented acuity 
(n=87,538), a total of 30,131 (34%) were considered 
high acuity. The conditions with the highest proportion 
of activations that were high acuity were non-cephalic 
presentation (77%), maternal cardiac arrest (63%), and 
preterm delivery (59%). Similarly, using the MEOWS 
criteria for high acuity, 35% of obstetric activations 
were considered high acuity. Concordance between the 
two measures of acuity was relatively poor, with agree-
ment of 60% and a Cohen’s kappa statistic of 0.12. The 
highest acuity conditions based on the MEOWS cri-
teria were eclampsia, preeclampsia, and hypertensive 
conditions (70%); maternal cardiac arrest (67%); and 

Table 1 Primary  symptoma documented by treating provider for EMS emergency activations for an obstetric event (n=107,771)

Note: Percentages may not total to 100% due to rounding

Abbreviations: EMS, emergency medical services
a Primary symptom (eSituation.09) grouped by the Agency for Healthcare Research and Quality Clinical Classifications Software Refined (CCSR) for International 
Classification of Diseases, 10th Revision, Clinical Modification (ICD-10-CM) Diagnoses version 2020.3 categories [18]. Default CCSR categories were used except for 
“Z37” codes (classified instead as maternal outcome of delivery)
b Other includes 107 categories under 1% each

Category Emergency 
Obstetric 
Activations, n (%)

Abdominal pain and other digestive/abdomen signs and symptoms 29,350 (29)

Other general signs and symptoms 12,901 (13)

Other specified female genital disorders 9,802 (10)

Early or threatened labor 9,539 (10)

Uncomplicated pregnancy, delivery or puerperium 8,186 (8)

Circulatory signs and symptoms 4,107 (4)

Nausea and vomiting 3,523 (4)

Malaise and fatigue 2,052 (2)

Other specified complications in pregnancy 1,879 (2)

Medical examination/evaluation 1,810 (2)

Musculoskeletal pain, not low back pain 1,697 (2)

Malposition, disproportion or other labor complications 1,471 (1)

Symptoms of mental and substance use conditions 1,429 (1)

Nervous system signs and symptoms 1,052 (1)

Early, first or unspecified trimester hemorrhage 866 (1)

Other obstetric conditions 2,504 (3)

Other non‑obstetric  conditionsb 7,369 (8)
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non-cephalic presentation (53%). For situations where 
the fetus and newborn’s clinical condition was at higher 
risk than the mother, acuity based on the MEOWS cri-
teria was substantially lower than the EMS provider 
documentation – e.g., 77% of non-cephalic presenta-
tions were considered high acuity by the EMS crew ver-
sus 53% identified by MEOWS criteria.

Discussion
In this national study of EMS patient care records, we 
found that 0.6% of EMS emergency activations in the US 
were for an obstetric complaint or pregnant patient. Of 
these activations, the most common symptoms and field 
impressions were for non-specific conditions. A small 
proportion involved an EMS-attended out-of-hospital 
delivery, and about one-third of activations were of high 
patient acuity. The appropriate triage, care, and trans-
portation of obstetric patients by trained EMS personnel 
can result in improved outcomes [22–25]. However, lack 
of exposure to obstetric patients, and minimal education 
requirements covering obstetric care [26, 27], indicates 
the need for development of more robust training and 
evidence-based guidelines.

We were able to identify nearly 3,500 activations for 
out-of-hospital delivery, far more than in prior work 
focusing on a single state, hospital system, or EMS agency 
[6, 11, 28]. As most unplanned at-home births would 
likely trigger activation of EMS, this number is plausible 

Table 2 Primary  impressiona documented by treating provider for EMS emergency activations for an obstetric event (n=107,771)

Note: Percentages may not total to 100% due to rounding

Abbreviations: EMS, emergency medical services
a Primary impression (eSituation.11) grouped by the Agency for Healthcare Research and Quality Clinical Classifications Software Refined (CCSR) for International 
Classification of Diseases, 10th Revision, Clinical Modification (ICD-10-CM) Diagnoses version 2020.3 categories [18]. Default CCSR categories were used except for 
“Z37” codes (classified instead as maternal outcome of delivery)
b Other includes 143 categories under 1% each

Category Emergency 
Obstetric 
Activations, n (%)

Abdominal pain and other digestive/abdomen signs and symptoms 18,222 (18)

Other specified complications in pregnancy 15,350 (15)

Malposition, disproportion or other labor complications 13,743 (13)

Uncomplicated pregnancy, delivery or puerperium 12,336 (12)

Other specified female genital disorders 9,582 (9)

Early or threatened labor 6,869 (7)

Complications specified during childbirth 6,003 (6)

Spontaneous abortion and complications 2,689 (3)

Malaise and fatigue 1,506 (1)

Nervous system pain and pain syndromes 1,354 (1)

Nausea and vomiting 1,118 (1)

Other obstetric conditions 2,276 (2)

Other non‑obstetric  conditionsb 12,235 (12)

Table 3 Frequency of emergency medical services EMS 
emergency activations for selected obstetric events (n=107,771)a

Note: Percentages may not total to 100% due to rounding.

Abbreviations: EMS, emergency medical services
a Identification based on any symptom, impression, or procedure documented. 
Each EMS activation could be included under multiple categories (e.g., out-of-
hospital delivery with post-partum hemorrhage). Multiple gestation delivery 
and nuchal cord were also examined but not presented due to being <10 events 
each

Category Emergency 
Obstetric 
Activations, n (%)

Early or threatened labor 15,936 (15)

Malposition, disproportion, or other labor complica‑
tions

15,433 (14)

 Prolapsed cord 21 (<0.1)

 Non‑cephalic presentation 37 (<0.1)

Spontaneous or induced abortion and complica‑
tions

4,001 (4)

Out‑of‑hospital birth/delivery 3,489 (3)

 Preterm delivery 1,504 (1)

Early, first or unspecified trimester hemorrhage 1,395 (1)

Eclampsia, preeclampsia, and hypertensive condi‑
tions

1,000 (1)

Intra‑ and post‑partum hemorrhage 629 (0.6)

Ectopic or molar pregnancy and complications 332 (0.3)

Maternal cardiac arrest, any etiology 25 (<0.1)
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and consistent with the approximately 3,600 unintended 
home births in 2018 with a non-physician or non-mid-
wife attendant [1]. Additionally, the overall proportion of 
EMS emergency activations for an obstetric event (0.6%) 
was similar to estimates from other counties [6, 7].

Definitive diagnosis is not possible in the prehospital 
setting; thus, we have relied on the EMS field impres-
sions to classify patients. Concordance of paramedic and 
physician diagnosis is generally moderate to good (>50% 
to 100% agreement) but varies by condition and setting 
[29–32]. No prior studies have examined this specifically 
for obstetric conditions. Estimates in this study for con-
ditions that are less obvious than out-of-hospital deliv-
ery, such as preeclampsia or ectopic pregnancy, may not 
represent true prevalence. Linkages between prehospital 
records and hospital or emergency department discharge 
diagnoses would provide a better estimate, but such link-
ages and data sharing are not currently implemented on a 
wide scale in the US.

Previous work has applied early warning scores as an 
objective measure of patient acuity in the prehospital 
setting [33, 34], but not an obstetric-specific measure. 
Because a lack of exposure to obstetric patients could 
lead to fear in treating complex presentations, it was 
unclear if EMS providers would perceive these patients 
as higher acuity than they might actually be, leading to 

downstream changes in care, such as over-triage. Alter-
natively, under-triage, due to a lack clinical sophistication 
regarding obstetric complaints, also would have consid-
erable implications for patient care. Finally, patient acu-
ity was commonly not documented by the treating EMS 
provider leading to high rates of missing data for this 
variable.

We found substantial discrepancies and poor concord-
ance between the subjective EMS provider documented 
acuity and objective acuity based on the MEOWS crite-
ria. For many conditions, a larger proportion of patients 
were documented as high acuity by EMS providers’ per-
ceptions than by MEOWS criteria, especially when the 
increased risk was for the fetus or newborn rather than 
mother – e.g., non-cephalic presentation or preterm 
delivery – likely because of the focus of MEOWS on 
maternal status. EMS providers may be missing women 
at risk for maternal complications identified by MEOWS 
because they are overly focused on fetal status. We 
encourage future work to develop guidelines for prehos-
pital triage of obstetric patients, incorporating risks to 
both mother and fetus, so that patients are directed to 
the most appropriate care.

The NEMSIS dataset, though a convenience sample, 
is the largest repository of EMS patient care records 
and, thereby, provides a large enough sample to identify 

Table 4 Proportion of emergency activations for obstetric events treated by EMS that were considered high acuity and missing data 
on patient acuity

Note: Percentages are per row, not column, and do not total to 100%

Abbreviations: EMS, emergency medical services; MEOWS, modified early obstetric warning system
a A total of 87,538 (81%) activations had an EMS provider documented patient acuity. Displayed is the percent of each category documented as having an initial 
(eSituation.13) or final (eDisposition.19) patient acuity of “critical”, “emergent”, or “dead without resuscitation efforts.” “Not applicable/not recorded” was considered 
missing and not included in the denominator. Frequency and percentage of missing acuity for each category is reported separately
b The MEOWS scoring was calculated for activations where at data were available for least 4 of the 6 components (n=104,727, 97% included). Displayed is the percent 
of each category considered as high acuity (≥1 red or ≥2 yellow alert conditions). Frequency and percentage of missing for each category is reported separately

Category Per EMS  Providera Per  MEOWSb

n (row %) Missing,
n (row %)

n (row %) Missing,
n (row %)

Overall 30,131 (34) 20,233 (19) 36,761 (35) 3,044 (3)

Early or threatened labor 5,437 (42) 3,124 (20) 5,767 (37) 413 (3)

Malposition, disproportion, or other labor complications 4,873 (39) 2,896 (19) 5,040 (33) 380 (2)

 Prolapsed cord 8 (53) 6 (29) 10 (48) 0

 Non‑cephalic presentation 20 (77) 11 (30) 18 (53) 3 (8)

Spontaneous or induced abortion and complications 1,312 (41) 779 (19) 1,493 (39) 189 (5)

Out‑of‑hospital birth/delivery 1,532 (54) 655 (19) 1,499 (45) 129 (4)

 Preterm delivery 669 (59) 363 (24) 634 (44) 68 (5)

Early, first or unspecified trimester hemorrhage 426 (41) 363 (26) 524 (39) 35 (3)

Eclampsia, preeclampsia, and hypertensive conditions 431 (53) 191 (19) 687 (70) 17 (2)

Intra‑ and post‑partum hemorrhage 281 (55) 114 (18) 263 (44) 27 (4)

Ectopic or molar pregnancy and complications 142 (47) 31 (9) 122 (38) 10 (3)

Maternal cardiac arrest, any etiology 15 (63) 1 (4) 12 (67) 7 (28)
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rare patient presentations [15]. However, this study has 
several limitations. NEMSIS records do not allow for 
tracking of patients across time or events, and multiple 
records could be generated for a single event. Accord-
ingly, the unit of analysis is EMS activation rather than a 
unique patient or event. As with all administrative data, 
variations in documentation standards and quality pre-
sent a potential for misclassification. We may have under- 
or overestimated the frequency of obstetric events due 
to incorrect or inaccurate documentation. Other data 
fields, such as the EMS provider’s narrative report of the 
event, are not collected. There was a substantial amount 
of missing data for EMS provider documented patient 
acuity, with 19% of observations missing overall (range of 
4-30% per condition). However, we also examined a sec-
ond, objective measure (MEOWS) for which 97% of acti-
vations had data for ≥4 of the 6 components available. In 
this study, we focused specifically on identifying the types 
and frequency of prehospital obstetric events treated by 
EMS personnel. Further work to describe patient or clini-
cal characteristics is planned.

Conclusions
Prehospital obstetric events are infrequent in the US, 
suggesting that EMS personnel may only encounter 
and treat a few of these patients per year. We encourage 
additional studies examining the epidemiology and clini-
cal care provided during these encounters and efforts to 
develop evidence-based guidelines to improve prehospi-
tal obstetric care.
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