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Abstract: Background: Cardiac conditions are a significant cause of maternal morbidity and mortality, significantly 
exacerbated during the hemodynamic demands of pregnancy. Mitral stenosis in pregnancy (MSp) is rare in the 
USA however, it has a high risk for maternal complications. Methods: We aim to outline the burden of MSp hos-
pitalizations nationally. A retrospective review of HCUP/NIS data from 2002-2014 was conducted. Results: There 
were 2014 weighted discharges for both pregnancy and mitral stenosis (MS). Patients diagnosed with MS had 
a more considerable mean cost per discharge than the comparison group. Pulmonary Hypertension (PH), Atrial  
Arrhythmias (AA), Stroke, and Heart Failure (HF) were respectively reported in 25.71%, 7.14%, 0.95%, and 19.28%  
of the discharges. Our study identified a low incidence of MS in the US over the 12-year period; no deaths were 
identified. Conclusion: Our results substantiate MSp as a risk factor for PH, AA, HF, and stroke in pregnancy. Even 
though the mortality is low, it is essential that clinicians be aware of this diagnosis due to higher associated morbid-
ity and costs.
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Introduction

Among pregnant women, cardiovascular condi-
tions are a major cause of non-obstetric mor-
bidity in high income countries with cardiovas-
cular disease being in large proportion due to 
ischemic heart diseases, dilated cardiomyopa-
thy, and cardiac valvular diseases [1, 2].

There are currently no reports of mechanisms 
implicated in the de novo manifestations of 
MSp. Thereby, the Presence of MS in these 
patients its most commonly attributable to a 
prior history of sub-clinical MS whose symp-
toms are exacerbated during pregnancy. The 
most predominant cause of MS in females is 
rheumatic heart disease caused by rheumatic 
fever, which has a greater prevalence in low- 

and middle-income countries. In the USA and 
Canada, rheumatic disease accounts for less 
than 25% of pregnant women with heart dis-
ease [3, 4]. In contrast, studies of patients  
from India, Senegal, Brazil, and Turkey suggest 
that rheumatic disease is present in 56-88%  
of pregnant women with heart disease [5-7]. 

In MS, the restricted mitral valve leaflets limit 
left ventricular filling, resulting in a greater trans 
mitral pressure gradient, and increased left 
atrial pressure. This will result in progressive 
left atrial enlargement. When combined with 
the hypercoagulable state and atrial irritability 
associated with pregnancy, this increases the 
prevalence of atrial arrhythmias, including atrial 
fibrillation with risk of thromboembolic stroke. 
Pulmonary hypertension and pulmonary edema 
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due to elevated left heart pressures are also 
possible complications, contributing to the risk 
of poor perfusion and respiratory compromise 
in patients [8]. 

The hemodynamic changes caused by MS in 
addition to the normal hypervolemia and ele-
vated cardiovascular demand during gestation 
increase the chance of maternal and fetal mor-
bidity and mortality [9]. Specifically, there is an 
average 30-60% elevation in preload due to 
elevated plasma volume and subsequent car-
diac output which continues to grow during  
gestation, requiring a compensatory elevation 
in heart rate to maintain perfusion [10]. In 
patients with MS, chronic morphological chang-
es force a back pressure of blood from the left 
atrium into the lungs due to a stenotic outflow 
tract impeding optimal forward blood flow into 
the left ventricle. The elevated plasma volume 
collects in this setting, pooling in the left at- 
rium and elevating backwards pressures which 
enforce increased pulmonary venous conges-
tion and manifesting a greater severity of pul-
monary hypertension as the heart rate increas-
es [11, 12]. Most reports of pregnancy related 
MS present with these worsening symptoms, 
noting that the pathology was pre-existing,  
and symptoms exacerbated during a pregnant 
state.

There are sparse data regarding the prevalence 
of MS and its associated risks for mothers and 
infants in the United States (USA). Most of the 
publications to date regarding this topic come 
from developing countries. Recent studies in 
developing countries suggest an incremental 
increase in the frequency of fetal and maternal 
complications tied to increasing severity of the 
MS. Moderate to severe cases of MS are asso-
ciated with elevated fetal risks of stillbirth, neo-
natal death, and preterm birth. Maternal risk of 
mortality, pulmonary edema, and new/recur-
rent arrhythmias is also elevated [13]. The 
present research aim is to provide more infor-
mation about this condition in the USA.

Methods

Data source

The National Inpatient Sample (NIS) is a data-
base provided by the Health Care Utilization 

Project (HCUP) sponsored by the Agency for 
Healthcare Research and Quality (AHRQ). The 
NIS contains discharges from the State In- 
patient Databases and is designed to repre-
sent hospitals and discharges at a national 
level using a random sampling of discharges 
stratified by US census region, urban or rural 
location, teaching status, ownership, and size. 
The data collected include demographic infor-
mation and diagnostic and procedural codes 
from the patient’s hospital stay. One of the 
major strengths of the database is its size,  
with information about millions of patients 
each year. Limitations include the inability to 
assess causation or relation between different 
diagnoses, and dependence on the coding 
used during the stay. Only diagnoses that we- 
re coded during the hospitalization are reflect-
ed in the data. 

The NIS-HUCP database contains about twenty 
percent of all US admissions. It provides an 
estimate of the totality of the US discharges 
based on the sample which are referred to as 
weighted discharges. As the database sample 
is 20% of all admissions, the weighted dis-
charges are approximately 5 times more than 
measured number of discharges.

Descriptive analysis was used to assess the 
frequency of MSp and patient characteristics. 
The proportion (95% confidence interval) of 
MSp, as indicated by inclusion criteria diagno-
sis codes, is reported for the study period, 
2002-2014. 

Inclusion & exclusion criteria

Study group inclusion criteria consisted of the 
presence of at least one code for pregnancy 
and at least one code for MS. Comparison 
group inclusion criteria consisted of at least 
one code for pregnancy and the absence of at 
least one code for MS. All patients selected 
were >18 at the time of hospitalization, which 
was filtered for during data management prior 
to analysis. The database does not delineate 
between specific special populations (prison-
ers, homeless, at-risk populations) due to being 
deindentified and thereby these features were 
not considered as criteria for exclusion.

As ICD9 has multiple codes for MS, some of 
them combined with other valvopathies, we 
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Figure 1. Size of the pregnant patients with mitral stenosis from the na-
tional inpatient sample between 2002-2014 that were used for analysis in 
this study.

only included the codes exclusively for MS, the- 
reby these other combinations were excluded 
from the study population.

Statistical analysis methodology

SAS 9.4 was used to perform all statistical 
analyses via the survey procedures, to account 
for discharge weights and sampling methodol-
ogy of the NIS database A threshold of α=0.05 
was used to determine statistical significance. 

Descriptive tables were created for each vari-
able with quantitative variables being repre-
sented as mean ± standard deviation and 
categorical variables represented as frequency 
(percent). Descriptive frequency tables were 
calculated for the variable’s: mortality, costs, 
and treatments by whether the patient had MS 
or not. No inference was done for any of these 
variables. Due to NIS confidentiality concerns, 
all cell counts that had a frequency less than 
10 will be represented with a dash.

The prevalence of MSp was assessed by cal- 
culating a 95% confidence interval of the 
observed proportion. To assess the trend fre-
quency over time, two two-sided Cochran-

Armitage Trend Tests were per-
formed to assess whether the 
frequency of MSp increased or 
decreased over time. 

A Chi Square test was per-
formed to assess whether the 
proportion of discharges that 
had at least one diagnostic 
code for MSp differs depend-
ing on hospital region. A Chi 
Square test was also perfor- 
med to assess whether the pro 
portion of a particular co-diag-
nosis differed depending on 
whether the patients had MS. 
The co-diagnoses considered 
were heart failure, pulmonary 
hypertension, atrial arrhythm- 
ia, and stroke. Since four sepa-
rate co-diagnoses were being 
tested, a Bonferroni multiplici-
ty adjustment was implement-
ed such that α=.05/4=0.0125 
for each individual test. 

Results

Baseline characteristics

The data available during the study period con-
sisted of 100,790,900 discharges account- 
ing for 482,872,274 weighted discharges. The 
data contain 7,380,599 pregnancy discharges 
representing a weighted total discharge count 
of 35,249,339 pregnancy discharges. There 
were 420 discharges that have a code for both 
pregnancy and MS which represents a total of 
2014 weighted discharges with MSp (Figure 1). 

Patient median age, length of stay, occurrence 
per US region, mortality, payer, costs, income, 
and ethnicity are summarized in the Table 1. 
None of the patients in MSp group died during 
the hospitalization. There was no significant 
evidence that the proportion of the discharges 
with MSp differs by region (P=0.11). A chi-
Square test was performed revealed that non-
white Americans were over-represented among 
pregnant patients with MS. Even though the 
lowest income quartile seems to be overrepre-
sented in MS patients relative to the pregnant 
patients without MS, a chi-square test didn’t 
show statistical significance (Table 1). 
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Table 1. General characteristics
Characteristic Pregnant with mitral stenosis Pregnant without mitral stenosis
Age in years (IQR) 31 (27-35) 27 (22-32)
Median length of stay in days (IQR) 3 (2-5) 2 (2-5)
In hospital mortality 0 -
Median cost in USD (IQR) 16,302 (9,447-31,777) 9299 (5,691-18,444)
Ethnicity
    - Caucasian 32.48% 51.10%
    - African American 18.52% 16.75%
    - Hispanic 25.64% 22.29%
    - Asian/Pacific 12.82% 4.44%
    - Native American - 0.78%
    - Other 9.4% 4.63%
Median income per zipcode
    - First quartile (lowest) 25.93% 27.4%
    - Second quartile (2nd lowest) 22.96% 24.98%
    - Third quartile (2nd higher) 24.44% 24.18%
    - Forth quartile (higher) 26.67% 23.45%
region
    - Northeast 20.55% 16.61%
    - Midwest 18.89% 21.26%
    - South 33.89% 38.43%
    - West 26.67% 23.70%
Payer
    - Medicare - 0.80%
    - Medicaid 198 (47.25%) 44.82%
    - Private insurance 179 (42.72%) 48.00%
    - Self payer/Other 31 (7.39%) 6.16%
    - No charge - 0.22%

Co-occurrences and historical features

Co-occurrences (Table 2): There were 108 dis-
charges (518 weighted discharges) or 25.71% 
of the discharges with MSp that also had a 
diagnostic code for Pulmonary Hypertension, 
compared to 0.04% of discharges with no MSp 
(OR 733.86 95% CI 538.10, 1000.17). 

There were 28 discharges (132 weighted dis-
charges) or 4.28% of the discharges with MSp 
that also had a diagnostic code for Atrial 
Arrhythmias, compared to 0.069% of discharg-
es with no MSp (OR 100.92 95% CI 58.90, 
172.94). Four discharges (19 weighted dis-
charges) or 0.95% of the discharges with MSp 
that also had a diagnostic code for Stroke, com-
pared to 0.058% of discharges with no MSp 
(OR 16.04 95% CI 4.63, 55.59). Eighty-one dis-
charges (384 weighted discharges) or 19.28% 

of the discharges with MSp that also had a 
diagnostic code for Heart Failure, compared to 
0.22% of discharges with no MSp (OR 106.754 
95% CI 77.20, 147.60).

Figure 2 shows the proportion of discharges 
with MSp over time. A Cochran-Armitage Trend 
test was prevalence of having MSp has de- 
creased overtime. 

Procedural characteristics

The following four ICD-9 procedures were iden-
tified in the data set: Percutaneous Balloon 
Valvuloplasty, Mitral Valve Replacement with 
tissue graft, other replacement of mitral valve, 
closed heart valvotomy and open heart valvulo-
plasty without replacement. The data conta- 
ined 104 weighted discharges with MSp that 
underwent one of the five procedures. Of those 
with MSp, 5.16% underwent one of these pro-
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Table 2. Co-occurrences
Mitral stenosis group 

% of total 
(weighted discharges)*

Control group 
% of total 

(weighted discharges)**
OR/95% CI

Pulmonary Hypertension 25.71% (518) 0.04% (16,624) 733.86 95% CI (538.102, 1000.168)
Atrial arrhythmias 4.28% (132) 0.069% (24,558) 100.92 95% CI (58.900, 172.938)
Stroke 0.95% (19) 0.058% (21,061) 16.04 95% CI (4.633, 55.585)
Heart failure 19.28% (384) 0.22% (77,677) 106.75 95% CI (77.207, 147.608)
*Number of mitral stenosis discharges-2014 patients. **Number of discharge without mitral stenosis-7,380,179 patients.

Figure 2. Total number of discharges with mitral stenosis in pregnancy 
codes over the period studied from the national inpatient sample. A Co-
chran-Armitage Trend test was performed and there is sufficient evidence 
to conclude that the prevalence of MSp decreases over time.

cedures. We also found 338 weighted discharg-
es with those procedures in patients without 
MSp or 0.0009% of the patients without MSp 
(Table 3).

Discussion

NIS-HCUP is a large database with more than 
480 million admissions over 12 years. Since 
MSp has a low prevalence in the USA, only 
2,014 weighted cases were identified during 
the study period. Less than 0.01% of the 
patients with a diagnosis of pregnancy had an 
associated isolated MS diagnosis. Although we 
believe this population might be significantly 
larger since ICD9 with associated valvopathies 
were not included to have a more homogenous 
group. The prevalence of MS is higher in low 
and middle income countries, but it is also  

seen in high income countries 
[14] No large studies have 
been published on MSp in the 
USA and the incidence is not 
known, yet it has been well 
documented that incidence in 
females is far more common 
than in males with the onset 
generally happening between 
the third and fourth decades 
of life [15]. 

Incidence of Rheumatic heart 
disease has decreased in low- 
and middle-income countries 
as well as its complications 
such as MS, but the preva-
lence is still high [16]. Most 
recent reports have placed the 
incidence in emerging regions 
such as Africa at an estimat- 
ed incidence of 35 cases per 
100,00 are compared to esti-
mated incidence of 1 case per 

100,000 within the United States [15]. Even 
though we cannot determine incidence and 
prevalence of MSp with our data, our results 
show a down trending of hospitalizations with 
MSp from 2002 to 2013 in the USA. This may in 
part be due to a lower threshold, and easier 
access too, medications that prophylaxis for 
rheumatic heart disease at a younger age and 
prudent follow-ups options available for these 
patients. Despite this, it is important to consid-
er that the database used for this study does 
not delineate from a single patient with mul- 
tiple hospitalizations-leading to subsequent 
complications. This means that multiple hospi-
talizations may be from one patient but the pro-
portion of this influence on our data is indeter-
minant but unlikely to comprise a meaningful 
impact. 
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Table 3. Procedures performed

Procedure performed
Weighted frequency 

group with mitral 
stenosis*

Weighted 
frequency group 

without mitral 
stenosis**

Percutaneous valvuloplasty ICD9-33.96 2.58% (52) 0.0002% (71) 
Replacement of mitral valve with tissue graft ICD9-35.23 0.95% (20) 0.0001% (53)
Other replacement of Mitral Valve ICD9-35.24 1.42% (27) 0.0003% (105)
Closed heart valvotomy, mitral valve ICD9-35.02 - -
Open heart valvuloplasty of mitral valve without replacement ICD9-35.12 0% (0) 0.0003% (109) 
*Number of mitral stenosis discharges-2014 patients. **number of discharge without mitral stenosis-7,380,179 patients.

Within the U.S. the most common cause of MS 
is still rheumatic heart disease, despite the 
access to prophylactic treatments. Rheumatic 
fever most commonly affects children from the 
ages of 5-15 years globally, becoming MUCH 
less common after that age with most patients 
affected at the lower threshold of that range 
[17]. The resulting attack of valvular tissue, 
which is due to the similarity of antigens on 
valves that the immune reaction during rheu-
matic fever is primed against, causing defor- 
mation and producing rigidity of valves. The 
resolution of this attack emerges chronic struc-
tural changes which manifest over 2-3 decad- 
es to become sufficiently permanent [18]. At 
this point, patients start to become symptom-
atic and are diagnosed. Thereby in females, the 
time taken for MS to manifest after rheumatic 
fever can emerge around the same time that 
pregnancy becomes likely. This relationship 
makes it imperative to secure proper prophy-
laxis for rheumatic fever during primary infec-
tion in childhood or as an adolescent. Fur- 
thermore, evaluating for any such history in 
newly pregnant patients may allow for possible 
suspicion to evaluation for MS before pregnan-
cy related changes manifest symptoms.

Furthermore, understanding the possible inter-
vention and screening options becomes imper-
ative in females considering getting pregnant to 
be evaluated for a history of rheumatic heart 
disease of clinically silent valvular disease such 
as MS. Currently there exists no criteria or pro-
tocols for such evaluations. Other conditions 
including infective endocarditis, de novo calcifi-
cation development on injured valves, and a 
result of insult from chronic autoimmune condi-
tions that more commonly affect females [15] 
are also other documented causes. Yet the inci-

dence of these is extremely rare and can be 
considered if a historical factor is recognized.

In patients with severe MS, increased left atrial 
pressure is transmitted retrograde into the pul-
monary veins, resulting in pulmonary conges-
tion and, in extreme cases, pulmonary hyper-
tension (PH) [19]. Physiologic changes during 
pregnancy which include increases in blood 
volume, oxygen consumption and cardiac out-
put and decreases in systemic vascular resis-
tance and blood pressure [20]. These changes 
occurring in a patient with significant MS might 
contribute to right ventricular failure. In our 
study we found 25.7% of the discharges with 
some degree of pulmonary hypertension. Si- 
milar studies found Pulmonary Hypertension in 
14-31% of the MSp patients [21, 22]. Using the 
NIS data. we cannot establish the severity, or 
the burden placed on the body of the condition 
in our study group, yet it would be important to 
determine its lasting implications in this study 
group as PH in pregnant patients has been  
documented to be associated with morbidity 
with guidelines advising woman with PH against 
pregnancy in both national and international 
guidelines [23, 24]. Although there were no re- 
ported mortalities in the patient population 
studied, MSp may have impacted the number 
and duration of hospitalizations. PH is also a 
known risk factor for hypercoagulable states 
due to vascular remodelling causing local im- 
paired flow states promoting endothelial injury 
and inducing coagulative processes [25]. 
Within a pregnant state, whereby production of 
thrombogenic factors such as factor VII and 
fibrinogen increases, both can incite a greater 
risk for vascular comorbidities [26]. Within our 
study population, we did determine a greater 
proportional incidence of stroke in MS preg-
nant patients, but the NIS data is unable to 
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delineate between embolic or thrombotic etio- 
logies.

In a Canadian cohort study including 80 pa- 
tients with MSp, pulmonary edema occurred in 
26% of patients with mild MSp and 67% of 
patients with severe MSp. This was relatively 
well tolerated and responsive to medical thera-
py [21]. In a large international study, heart fail-
ure was reported in 21% of the patients [22]. 
About nineteen percent of the discharges with 
MSp in the NIS data had at least one code for 
heart failure or pulmonary edema which indi-
cates a significant portion of MSp patients have 
experience sequala of MS. MS is known to 
cause heart failure, most commonly right sided 
heart failure, from chronic loss of forward flow 
due to the increased forward resistance emerg-
ing by the stenotic valve. The resultant conges-
tion in vascular pathways within the pulmonary 
regions eventually causes great right sided 
pressures that can exhaust the chamber and 
reduce diastolic and systolic capacitance while 
also increased fluid pressures leading to tran-
sudative, and if damage is severe, exudative 
effusions which can manifest as flash pulmo-
nary edema [27]. In pregnant patients, this 
effect is coupled with already increased vascu-
lar volume and greater demand from heart 
muscle to perfuse placental tissue, thereby 
potentially emerging as a likely risk-factor for 
acute HF symptoms and pulmonary edema. 
While this patient course was not specifically 
defined within the discharge data, it can be sur-
mised from prior literature that a pregnant in 
our MS population is responsible for far greater 
proportion of HF rates observed over the study 
timeline.

Atrial arrhythmias can occur in MSp due to  
left atrial enlargement. Specifically, myocardial 
accommodations made during pregnancy that 
occur from greater vascular volume (as effec-
tive circulating volume can increase over 30%-
50% from baseline) combined with a baseline 
larger pressure against a stenotic mitral valve 
occurring over an 8-9-month timeline can set 
the stage for conduction tissue rearrangement 
to occur as the left atrial chamber is enlarging 
to keep in pace. While rare, cardiac arrhythmias 
are documented to be a considerable contribu-
tor to pregnancy related cardiovascular compli-
cations, among which atrial arrhythmias are 
the most common [28]. Subsequently, when 

active arrhythmia episodes are present, they 
are also poorly tolerated. The loss of atrial con-
traction limits diastolic filling which increases 
risk for thrombus formation and embolic ev- 
ents, especially concerning as pregnancy al- 
ready mediates a hypercoagulable state [29]. 
Our data confirms these consistencies with the 
literature as there are significantly increased 
risk of atrial arrhythmias and stroke in the MSp 
group, but the absolute numbers can be con-
sidered low. The overall low frequency might be 
explained by the heterogeneity of the severity 
of MS in our study population, which is not a 
recorded profile among our database samples 
but is a necessary question to inquire about 
specific etiological processes.

Among our Guidelines from AHA/ACC in 2014 
recommend pre-pregnancy counselling and 
when indicated, interventions before pregnan-
cy. Beta-blockers, most commonly metoprolol, 
for rate control are universally recommended 
with there being a temporal relationship favour-
ing immediate administration to both events 
during pregnancy and in the post-partum peri-
od [30]. While we are not able to determine the 
pharmacological profile used for each hospital-
ization from these data, the significant propor-
tional incidence within MSp patients does indi-
cate a need to be informed about this in- 
tervention in these patients. Alongside rate 
control interventions, anticoagulant therapy 
should be initiated (or continued) given the 
combined risk of embolism from episodes al- 
ongside predisposition from pregnancy to in- 
duce a hypercoagulable state by mechanisms 
mentioned earlier. One important pharmaco-
logical decision-making process to be aware off 
is the use of diuretics in pregnant patients to 
target symptomatic pulmonary congestion, 
which as stated prior is a common sequala fol-
lowing stressors emerging from pregnancy 
changes over underlying MS [31]. While not 
specific teratogenic, diuretics function to re- 
duce plasma volume, which can acutely reduce 
the burden of pulmonary edema but concur-
rently function to lower effective circulating 
volume-which is often reduced in MSp patients 
from the functional obstruction of a stenotic 
valve preventing adequate LV preload [32].

Procedural interventions are rarely indicated, 
but might be considered in symptomatic preg-
nant patients, refractory to medical therapy 
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who have poor anatomy for PBMV [31]. Re- 
placement of mitral valve with tissue graft 
(ICD9 35.23), other replacement of mitral valve 
(ICD9 35.24), closed heart valvotomy (ICD9 
35.02) and open-heart surgery without valve 
replacement (ICD9 35.12) were performed in 
20, 27, 5, and 0 of the weighted discharges or 
0.95%, 1.42%, 0.24% and 0% of our patients, 
respectively. Percutaneous balloon mitral val-
vuloplasty (PBMV) is indicated when there is 
severe MSp, favourable valve morphology and 
a patient who remains symptomatic despite 
medical therapy [31]. When indicated, this pro-
cedure is usually well tolerated [33, 34]. PBMV 
was performed in 2.58% of our patients. 

Results from the Registry of Pregnancy and 
Cardiac Disease (ROPAC) published in 2018 
registered 273 patients with MSp from 2008 to 
2014 in an international cohort, most of them 
from middle income countries. Hospital admis-
sion occurred in 20% of the cases. Heart fail-
ure, atrial arrhythmias, thrombotic complica-
tions occurred in 21.61%, 4.02% and 0.36% 
respectively in this international study, these 
numbers are like our study 19.28%, 4.28% and 
0.95% for the same complications [22]. 

There are few published studies of hospital 
costs in patients with MSp. The mean hospital 
cost in our study was $16,302 US dollars, 76% 
more than the comparative group (without MS) 
for a similar length of stay [35]. The described 
complications, the need for expensive proce-
dures and the close follow up required for this 
group of patients may explain the high cost of 
hospitalization when compared to pregnant 
patients without MSp. Furthermore, MSp pa- 
tients likely required the involvement of multi-
ple cardiovascular teams working in conjunc-
tion with obstetrics, especially more when pro-
cedural accommodations were necessary, whi- 
ch may establish a relatively uncommon team 
dynamic that may contribute to greater base-
line costs. Despite this increased cost, having a 
consistent LOS between each group indicates 
that the dynamic of cardiovascular teams and 
obstetrics teams working together was likely 
incredibly effective over a national scope and 
many not have served as a barrier for effective 
care. Literature documentation of such a team 
dynamic is relatively scarce but may provide 
effective contributions, even if the incidence of 
MSp has nationally remained consistently low. 

An important paradigm regarding costs to also 
consider through is that these data only reflect 
the hospital stay yet these patients are likely to 
require specialized antenatal and prenatal care 
at tertiary referral centres, particularly with the 
involvement of specialized cardiac services for 
which can be surmised that the actual differ-
ence is cost is even higher.

Even though MSp is associated with higher 
morbidity, particularly with changes exacerbat-
ing PH and serving as an arrhythmogenic fac-
tors, the mortality in these patients are still low 
with no recent reported deaths in North 
America. In our study, the number of deaths 
were zero which stands consistent with other 
reports of the same population in the literature. 
In a Sri Lankan study, however, MSp was 
responsible for a third of the cases of maternal 
mortality due to cardiovascular conditions [36]. 
We believe that better access to medical care 
in a healthcare system with advanced speciali-
ty care may explain the difference in outcomes 
when compared to low- and middle-income 
countries.

Limitations 

The NIS-HCUP database doesn’t provide indi-
vidual patient information, so we must rely on 
ICD9 codes added during the hospitalization. 
The ICD9 is often nonspecific in many medical 
conditions. Our study was limited by:

- Multiple obstetrics ICD9’s had to be used to 
determine whether the hospital stay was preg-
nancy related, as a lack of a specific designa-
tion for this patient population may contribute 
to a subset of patients with greater hospitaliza-
tion burden which were not delineated in our 
analysis. 

- ICD9 does not have specific codes for differ-
ent severities therefore we cannot determine 
severity of the MS in our population.

- ICD9 has codes for MS combined with other 
valvular pathologies such as aortic stenosis 
and aortic insufficiency such as 396.0, 396.1, 
396.8 and 396.9. As we could not determine 
MS severity based only on the ICD9 code and 
combined valvopathies can be completely dif-
ferent than isolated mitral stenosis, we decid- 
ed to not include those codes to have a more 
homogenous group. Due to this choice, we 
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might have missed patients with severe MSp 
as we did identify MS procedures done in the 
group without MSp.

- We excluded codes for non-specific mitral di- 
sease such as 394.9, 396.9 that may have 
included disorders other than mitral stenosis 
such as mitral valve prolapse or varying degrees 
of mitral regurgitation. Many pregnant patients 
with mitral stenosis may have been categorized 
with these codes.

- Based on the number of mitral valve proce-
dures performed in pregnant patients who were 
not in our study group we estimate in total that 
our study identified approximately 40% of the 
pregnant patients with MS.

- To protect the privacy of patients the NIS da- 
tabase does not allow detection of cells with 
fewer than ten patients. With low numbers of 
MSp patients we cannot make definitive con-
clusions about several outcomes. Specifically, 
no deaths were detected by our study however 
up to 9 deaths could occur before our study 
would detect them.

Conclusion

This study provides additional information 
about demographics of patients with MSp in 
the USA. It’s a rare condition in the USA with 
low mortality, but with a high morbidity due to 
complications such as atrial arrythmias, heart 
failure, pulmonary hypertension, and stroke. 
Pre-pregnancy counselling should be mandato-
ry for patients with known valvular heart dis-
ease. If diagnosed during pregnancy MS sh- 
ould be treated in a tertiary centre where the 
described cardiac interventions can be per-
formed when indicated.
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