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ABSTRACT

ÖZET

Objective: Although hemodynamic instability has been identified as the most established mortality predictor in acute
pulmonary embolism (PE), the debate is still open about
the prognostic significance of saddle pulmonary embolism
(SPE). This study determined the in-hospital mortality rate
of SPE patients diagnosed via computed tomographic pulmonary angiography (CTPA) and compared these cases
with non-SPE patients.
Methods: The presence of SPE observed on CTPA was
used to classify 492 consecutive patients into SPE and nonSPE groups. Different features were compared between the
2 groups, and independent predictors of in-hospital mortality in acute PE were identified.
Results: A total of 70 patients (14.2%) had SPE. In univariate analysis, the SPE group was seen to have a higher inhospital mortality rate, as well as a lower oxygen saturation
level and systolic and diastolic blood pressure in comparison with the non-SPE group (all p values <0.005). Multivariate analysis revealed that SPE was an independent predictor of in-hospital mortality in acute PE patients (Odds ratio:
9.21, 95% confidence interval: 3.40-24.89; p value <0.001).
Conclusion: The results of this study indicated that SPE
had a statistically significant importance in predicting inhospital mortality and adverse events in PE patients. These
findings were not consistent with many prior studies.

Amaç: Akut pulmoner embolide (PE) hemodinamik instabilite akut pulmoner embolinin en çok kanıtlanmış öngördürücü
faktörü olmasına rağmen sağ ve sol pulmoner arter embolisinin (EPE) prognostik önemi yine de tartışmaya açıktır. Bu
çalışmada bilgisayarlı tomografik pulmoner anjiyografiyle
(BTPA) tanı konmuş EPE’nin hastane içi mortalitesini belirlemeyi ve bu oranları diğer tip pulmoner emboli olgularıyla
karşılaştırmayı amaçladık.
Yöntemler: BTPA’da EPE varlığına göre 492 ardışık hastayı
EPE ve ve EPE-dışı PE’si olan olgular olarak sınıfladık. İki
grup arasında farklı özellikleri karşılaştırdıktan sonra hastane içi akut PE mortalite oranının bağımsız öngördürücü
faktörlerini tanımladık.
Bulgular: Toplam 70 (%14.2) hastada EPE vardı. Tek değişkenli analizde EPE-dışı PE grubuna göre EPE grubunda
hastane içi mortalite oranı daha yüksek, O2 doygunluk oranıyla sistolik (SKB) ve diyastolik kan basınçları (DKB) daha
düşüktü (tüm p değerleri <0.005). Çok değişkenli analiz
akut PE hastalarında EPE’nin hastane içi mortalitesinin bağımsız bir öngördürücü faktörü olduğunu ortaya çıkartmıştır
(Odds oranı =9.21, %95 GA=3.40–24.89, p değeri <0.001).
Sonuç: Çalışmamız, önceki birçok çalışma ile tutarsız olarak EPE’nin PE hastalarında hastane içi mortalite ve advers
olayları öngörmede istatistiksel açıdan önemli olduğunu
göstermiştir.
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A

cute pulmonary embolism (PE), a potentially
life-threatening condition, is one of the leading
causes of cardiovascular-related mortality. It is as
deadly as myocardial infarction, resulting in 100,000
to 200,000 deaths each year.[1,2] The mortality rate associated with PE ranges from less than 1% to 50% in
different studies, depending on the clinical presentation.[3,4]
Saddle pulmonary embolism (SPE), an uncommon
type of PE, is characterized as a visible thromboembolism straddling the bifurcation of the main pulmonary artery trunk.[5–7] The prevalence of SPE varies
depending on the diagnostic method used to confirm
it. SPE has been reported in 3% to 5% of all PE patients based on computed tomographic pulmonary
angiography (CTPA) results[8] and in 15% when using transesophageal echocardiography (TEE).[7,9,10]
The actual frequency of SPE may be underestimated
utilizing TEE or CTPA, as a distinct group of SPE
patients is too unstable to undergo CTPA or TEE. In
these cases, the diagnosis is often confirmed via autopsy.[11,12]
The best known predictors of mortality and morbidity in PE are hemodynamic instability and refractory
hypotension, and these indicators have widely been
used for management purposes.[13,14] Specifically, in
massive PE, defined as a systolic blood pressure (SBP)
of less than 90 mm Hg, the 90-day mortality rate is
estimated as high as 52.4%, despite a number of different treatment modalities.[15] Right ventricular (RV)
dysfunction has been shown to be an important predictor of adverse events in normotensive patients.[10,16]
It is unclear whether the presence of SPE worsens hemodynamic stability. Identification of SPE
on CTPA has modified management approaches, as
demonstrated in studies describing diverse SPE treatments. Aggressive therapies have been recommended
for patients with SPE in a previous case series.[12]
However, other studies have indicated that the use of
aggressive treatments in cases of PE with a large clot
burden may place these patients at an increased risk
for complications and prolonged hospitalization.[8]
Variations in treatment depending on the presence
of SPE necessitate assessment of the prognostic aspects of SPE. There is an ongoing debate on the predictive value of SPE in the literature. Similar shortterm outcomes have been demonstrated in both SPE

and non-SPE groups
in most studies.
However, some studies have suggested a
significantly higher
rate of mortality and
30-day major adverse events in the
SPE group.[5,11]

Abbreviations:
CI
Confidence interval
CTPA Computed tomography
pulmonary angiography
MPAP Mean pulmonary artery pressure
OR
Odds ratio
PE
Pulmonary embolism
RV
Right ventricle
SBP
Systolic blood pressure
SPE
Saddle pulmonary embolism
sPESI Simplified Pulmonary Embolism
Severity Index
TEE
Transesophageal echocardiography

The aim of this
study was to analyze
the frequency, presentation, and clinical outcomes of
SPE patients diagnosed via CTPA with a special focus
on the in-hospital mortality rate, and to compare them
with non-SPE cases.
METHODS

Study population
Upon local institutional review board approval of the
design and conduct of this retrospective cohort single-center study, a list of all of the inpatients aged
18 years or older at the Cardiovascular Diseases Research Center, Shahid Madani Heart Hospital, a university-affiliated referral center in Tabriz, Iran, from
July 2010 through December 2015 was obtained. The
patients were selected in a computer-assisted search
based on diagnosis with acute PE using appropriate
International Statistical Classification of Diseases and
Related Health Problems classification codes.
Study design
Patients with diagnoses of chronic PE or non-thrombotic PE, and those who did not consent to offer their
personal medical records or CTPA images were excluded. The final cohort enrolled in the study consisted of 492 consecutive patients with acute PE, as
diagnosed by CTPA (Siemens 32-slice computed tomography scanners). PE was defined as the presence
of at least one intraluminal filling defect at the level of
visualized pulmonary arteries. Close inspection of all
of the CTPA images of the patients diagnosed with PE
revealed that 70 (14.2%) could be identified as cases
of SPE. SPE was defined as a thromboembolism extending across the bifurcation of the main pulmonary
artery trunk into the right and left main pulmonary arteries. The CTPA images were reviewed by 2 expert,
board-certified radiologists who were unaware of the
clinical course of the patients.

Saddle pulmonary embolism and mortality

In-hospital mortality was defined as death occurring due to PE during the hospitalization period, beginning from the time of admission in the emergency
room, before or after treatment. Any mortality due to
bleeding or non-acute PE causes was excluded. An
adverse event was defined as any death, as well as
any need for mechanical ventilation or a vasopressor
during hospitalization.
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statistically significant. All statistical analyses were
performed using IBM SPSS Statistics for Windows,
Version 21.0 (IBM Corp., Armonk, NY, USA).
RESULTS

A total of 492 patients with acute PE diagnosed via
CTPA were enrolled in this retrospective cohort study.

Fibrinolytic therapy was used in those with a SBP
of less than 90 mm Hg or when O2 saturation was less
than 90%, concomitant with severe RV enlargement
occurring in massive, acute PE apparent on CTPA,
especially in patients with a poor response to anticoagulant therapy.

Baseline characteristics

The simplified Pulmonary Embolism Severity Index (sPESI) value was calculated for all the patients.
In this scoring system, one point is assigned to the
presence of each of these variables: age above 80
years, a history of cancer, heart rate more than 110
beats/minute, chronic cardiopulmonary disease, SBP
less than 100 mm Hg, and oxyhemoglobin saturation
below 90%. A score of zero is considered a low-risk
patient. Even the presence of one variable put the patient in the high-risk group.[17]

Among concurrent comorbidities and associated
risk factors, only a prior history of recent immobility
and congestive heart failure had a statistically significant association with SPE (p value=0.01 and 0.02,
respectively). Patients with SPE had a lower systolic
(p value=0.002) and diastolic (p value <0.001) blood
pressure (91.4±22.3 mm Hg and 61.3±14.1 mm Hg,
respectively). A lower O2 saturation rate was also
recorded (p value=0.005).

Data collection
In the next step, the following characteristics were retrieved from hospital medical records for all patients:
i) patients’ demographic data, such as age, gender,
and past medical history; ii) initial on-admission vital
signs, oxygen saturation, and presenting symptoms;
iii) echocardiographic findings from the cardiology reports performed within 24 hours of admission; iv) other
CTPA features; v) blood sample laboratory results; vi)
use of fibrinolytic drugs as a treatment option; and vii)
in-hospital mortality and admission duration.
Statistical analysis
The patients with PE were classified into 2 groups:
SPE and non-SPE. In the primary analysis, the SPE
group was compared with the non-SPE group utilizing
a t-test for continuous variables and a chi-square test
for categorical variables. Univariate and multivariate
logistic regression analyses were used to identify the
independent predictors of in-hospital mortality. The
final results of multivariate logistic regression analysis were reported as odds ratios (OR), and 95% confidence intervals (CI), with p values ≤0.05 considered

The mean age of the patients was 61.9±17.2 years.
Among 492 patients, 70 (14.2%) had SPE. Table 1
presents the demographic data, clinical features,
echocardiographic findings, and in-hospital mortality
of patients in the SPE and non-SPE groups.

Patients’ outcome
Univariate analysis revealed that the in-hospital
mortality was significantly higher in the SPE group
(p value <0.001). Mechanical ventilation was necessary in 20 patients (28.5%) with SPE and in 63
(14.9%) non-SPE patients (p value=0.032). A surgical embolectomy was performed in 24 (34.2%) patients with SPE and 81 (19.1%) non-SPE patients (p
value=0.020). Also, the incidence of major adverse
events, including in-hospital death, the need for fibrinolytic therapy, mechanical ventilation, and pulmonary embolectomy, was significantly greater in
the SPE group (p value <0.001). Furthermore, white
blood cell and neutrophil counts, in addition to cardiac troponin (cTnl) levels were significantly higher
in SPE group (p value <0.05).
Table 2 displays the laboratory findings of the patients according to in-hospital mortality.
Multivariate logistic regression analysis was used
evaluate the effect on in-hospital mortality rate of
several variables, including SBP <90 mm Hg, heart
rate >100 beats/minute, gender (male), RV dysfunction, sPESI, RV enlargement, O2 saturation <90%,
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Table 1. Demographic data, clinical features, echocardiographic findings, and in-hospital mortality of patients in
SPE and non-SPE groups

		
		

Total (n=492)
n

%

Mean±SD

SPE (n=70)
n

%

Mean±SD

Non-SPE (n=422)
n

%

p

Mean±SD

Gender
Male

258

52.4		

35

50		

233

52.8		

Female

234

47.6		

35

50		

199

47.2

Age (years)			61.9±17.2			64.1±15.3			61.0±17.2

0.659
0.159

Diabetes mellitus

76

15.4		 9

12.9		 67

CHF

40

8.1		

1

1.4		

39

9.2		

0.027

COPD

48

9.8		

3

4.3		

45

10.7		

0.096

Immobility

83

16.9		

19

27.1		

64

15.2		

0.013

RV enlargement

331

67.3		

58

82.9		

273

64.7		

0.003

RV dysfunction,

311

63.2		

57

81.4		

254

60.2		

0.001

TR gradient (mm Hg)			
Fibrinolytic therapy

102

37.8±19.7			

20.7		29

Admission duration (days)			
In-hospital mortality

46

37.9±17.9			

41.4		 73

9.7±6.5			

9.3		

20

15.9		 0.517

37.8±20.5

17.3		<0.001

7.3±5.2			

28.6		

26

0.360

9.8±5.0

6.2		

sPESI			1.2±1.1			1.4±1.1			1.0±1.6

<0.001
<0.001
0.044

SPE: Saddle pulmonary embolism; SD: Standard deviation; CHF: Congestive heart failure; COPD: Chronic obstructive pulmonary disease; RV: Right ventricle; TR: Tricuspid regurgitation; sPESI: Simplified Pulmonary Embolism Severity Index.

Table 2. Laboratory findings of patients and in-hospital mortality

Value
Neutrophil (%)
Lymphocyte (%)

Hospital death

Hospital death

(yes) 46

(no) 446

79.7±13.4

74.4±11.0

p
0.041

16.8±3.1*

18.8±0.7*

0.550

White blood cell /L

12082.9±386*

12127.7±265.5*

0.300

O2 saturation (%)

78.9±12.2

85.7±10.4

<0.001

Blood sugar

137.8±84.8

142.4±71.0

0.763

Creatinine

1.54±1.07

1.21±0.95

0.062

Total cholesterol

157.8±43.7

170.5±48.7

0.239

12.6±2.5

12.8±2.2

0.927

104.8±19.1*

162±25.4

0.402

Hemoglobin (g/dL)
Creatine kinase
Right ventricular dysfunction&dysfunction, n (%)

9 (19.5)

26 (5.8)

0.001

Saddle emboli, n (%)

20 (43.4)

26 (5.8)

0.001

Simplified Pulmonary Embolism Severity Index

1.54±1.01

1.14±1.08

0.016

*Mean±standard error.

and SPE. The analysis revealed that sPESI and SPE
were independent predictors of in-hospital mortality.
Notably, the presence of SPE was associated with an
average 9.2-fold greater incidence of in-hospital mortality (95% CI=3.40-24.89; p value <0.001) (Table 3).

DISCUSSION

The noninvasive nature of CTPA as well as a clinical
equivalence with invasive methods, and greater availability have made it the first diagnostic imaging test

Saddle pulmonary embolism and mortality
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Table 3. Factors affecting in-hospital mortality according
to logistic regression analysis

Variables

OR

95% CI for OR

p

		

Lower

Upper

Saddle emboli

9.212

3.409

24.892

<0.001

Gender (male)

0.339

0.124

0.932

0.036

sPESI

0.494

0.294

0.831

0.008

O2 saturation <90%

1.043

0.998

1.090

0.061

CI: Confidence interval; OR: Odds ratio; sPESI: Simplified Pulmonary Embolism Severity Index.

for most of patients with a high suspicion of PE.[18]
Yet, despite its proven ability to identify patients with
PE, the strength of CTPA in predicting the mortality
of these patients still remains an area of debate.[19]
CTPA results have been both a dual diagnostic/predictive tool in some instances,[20] and has guided some
physicians in making clinical decisions.[18] We particularly tried to discover whether the presence of SPE
observed on CTPA could predict in-hospital mortality.
Our study revealed an SPE frequency of 14.2%,
which is far higher than that seen in similar research,
making this study one of the largest available investigations to compare the mortality rates of SPE and
non-SPE groups.[11,21,22] Our institution is the only referral center for massive PE in the province, which is
a likely reason for the higher rate of SPE in our sample. A mortality rate of 28.6% in SPE patients in our
investigation was close to the 18.5% mortality rate
reported by Kwak et al.[11] and the 20.4% observed
by Liu et al.[28] Nevertheless, it is still far higher than
the values seen in other similar available studies with
smaller sample sizes and low-risk patients.[21]
The results of this study suggested that finding SPE
on CTPA was an independent predictor of in-hospital
mortality. This was also indicated by the fact that the
SPE group had a significantly shorter admission duration (7.3±5.2 days) than the non-SPE counterparts
(9.8±5.0 days) (p value <0.05), which can be explained
by higher early mortality rate in these patients. This
finding is, however, different from that of previous reports. In a study performed by Pruszczyk et al.,[21] no
significant difference in the mortality rate between the
SPE and non-SPE groups was observed. Ryu et al.[8]
demonstrated that the short-term mortality rate for patients with SPE was not higher than that of other pa-

tients with PE. In a nested, case-control investigation,
Gandara et al.[23] found that SPE did not seem to be
associated with a poorer 30-day outcome compared
with matched patients with proximal PE. Sardi et al.[22]
observed that the presence of SPE did not indicate a
more unfavorable clinical outcome and may not require different management than that used for standard
PE. On the other hand, a study performed by Yusuf et
al.[24] revealed a higher mortality rate for SPE patients
after 1 year despite no significant difference in shortterm mortality. All of the aforementioned studies had
fewer SPE cases and a lower mortality rate, which may
have contributed to their results. The research conducted by Kwak et al.,[11] which had a comparatively
larger number SPE cases, suggested that while the
short-term mortality alone was not significantly higher
in SPE patients, they had more major adverse events
in total (which included short-term mortality), which
is similar to our results. The discrepancy between our
results and the findings of previous investigations can
partially be explained by the small sample size of those
studies and the inclusion of only normotensive patients
in some of the investigations.
The inconsistencies between our study and available literature can also be interpreted in light of multiple clinical and imaging aspects. The presence of
shock in PE patients increases mortality, with most
deaths occurring during the first hour of admission.[25]
The time interval between the initiation of symptoms
and diagnosis plus management of patients may vary
in different countries according to the available equipment and protocols. The incidence of SPE observed
in necropsies confirms its life-threatening power.[21]
Concurrent right or left PE in segmental arteries and
the proximity of the PE can also make a big difference. A study by Choi et al.[26] indicated that central
PE (including both SPE and left/right pulmonary
artery embolus groups), rather than SPE, was an independent predictor of an adverse outcome. Ghanima
et al.[27] found a significant association between the
pulmonary artery obstruction index and the proximal
extension of the clot (p value <0.001). Interestingly,
PaO2 and cTnI levels were significantly different in
patients with a clot in the main pulmonary artery. The
authors suggested that the most proximal locations of
PE are valuable as a prognostic factor.
Although the cTnI level was significantly higher
(p value <001) and the O2 saturation was significantly
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lower (p=0.005) in the SPE group, our study did not
show O2 saturation or cTnI to be independent predictors of short-term mortality. Liu et al.[28] found that the
cTnI level was higher in the non-survivor SPE group.
As with previous investigations,[29] our logistic regression analysis also showed that O2 saturation of <90%
on admission could increase the mortality rate in SPE
group, though it was not statistically significant (OR:
1.04, Cl 95%: 0.99–1.09; p value=0.061). As in previous studies,[2] logistic regression analysis indicated
that the sPESI value was an independent predictor of
mortality in patients with SPE.
Significantly higher rates of fibrinolytic therapy in
the SPE group in comparison with the non-SPE group
(p value <0.05) have also been reported in prior studies.[11] This finding is somewhat compatible with the
significantly lower blood pressures seen in the SPE
group. Based on the currently available guidelines,
it appears that low blood pressure plays a far greater
role in initiating fibrinolytic therapy than the simple
presence of SPE.
Although there were significantly more echocardiographic findings of RV enlargement in the SPE
group (p value <0.05), it was not an independent factor for predicting in-hospital mortality. It seems that
RV dysfunction by itself is not an immediate factor of
mortality.[30] Indeed, it may cause more harm when PE
remains untreated or is combined with low blood pressure. One challenging issue in patients with massive
PE is to know whether the degree of pulmonary vascular obstruction or RV function plays a more important
role in short-term mortality. It seems that in patients
without previous pulmonary vascular disease, the degree of vascular obstruction has a higher correlation
with short-term mortality, where sudden obstruction
leads to sudden death. On the other hand, in patients
with previous pulmonary vascular disease and RV hypertrophy, the RV is trained to tolerate a sudden rise in
pulmonary vascular resistance. It has been shown that
even the mean pulmonary artery pressure (mPAP) and
the severity of pulmonary vascular obstruction do not
have any correlation in these patients.[31–33]
Significantly higher white blood cell and neutrophil counts in the SPE group suggested the possible role of inflammation in this group of patients.
Recently, an association between the neutrophil-tolymphocyte ratio and PE mortality has been demonstrated in several investigations.[34,35]

Overall, the use of CTPA for PE diagnosis and the
prediction of mortality in these patients still needs
further investigation. SPE should prompt concern as
for a large clot, since small clots will pass from left
and right pulmonary arteries (big arteries) to distal
branches with the force of RV blood flow. The presence of SPE in the main pulmonary artery indicates
the inability of the RV to push the clot to distal parts.
Hence, SPE can be a sign of a large clot and susceptibility to hemodynamic instability.
Treatment and follow-up suggestions
We suggest that patients with SPE and RV enlargement observed on echocardiography without a previous history of pulmonary vascular disease should
be admitted to intensive care units. Also, early invasive therapy with fibrinolytic drugs should be started
as soon as possible. Since an mPAP >50 mm Hg has
been shown to have a correlation with 2-year mortality,[35] when an mPAP >50 mm Hg concomitant with
RV enlargement remains after fibrinolytic therapy,
surgical embolectomy may be useful to improve patient survival.
Conclusion
Our study results demonstrated that the presence of
SPE had a statistically significant importance in predicting the in-hospital mortality and in-hospital adverse events of PE patients, a finding that was not
consistent with many prior reports.
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