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Abstract

Objectives: Pulmonary artery stump thrombosis (PAST) fol-
lowing pneumonectomies/lobectomies is rare; its clinical
importance is unknown. The objectives of this study were to
analyze the prevalence and risk factors of PAST and the clin-
ical significance in patients with pneumonectomy/lobecto-
my. Methods: All adult cases who underwent pneumonec-
tomy/lobectomy in our hospital for any reason and who un-
derwent control contrast-enhanced thoracic CT during the
follow-up period were included in the study. Demographic

and clinical features of the patients, data on surgery, and the
features of thrombi were recorded. Results: During the
4-year study period, a total of 454 patients underwent pneu-
monectomy/lobectomy (93 pneumonectomy and 361 lo-
bectomy). Among the patients, 202 patients (50 pneumo-
nectomy and 152 lobectomy) with at least one follow-up
thorax CT were included in the analyses. PAST was detected
in 9 (4.5%) of 202 patients and mostly seen in patients with
pneumonectomy (lobectomy: 2.6% vs. pneumonectomy:
10%, p = 0.043) and in patients whose pulmonary artery was
ligated by using stapler (suture ligation 1% vs. stapler: 7.4%,
p = 0.034). Pulmonary artery stump was also longer in pa-
tients with PAST (8.48 £ 11.22 mmvs. 23.55+ 11.22 mm, p <
0.001). Univariate logistic regression analysis showed that
pneumonectomy and longer pulmonary artery stump length
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were found to be significantly associated with PAST (p =
0.041 and p = 0.001, respectively). Conclusions: PAST was
detected in 4.5% of our subjects undergoing lobectomy/
pneumonectomy. PAST was found to be significantly higher
in subjects who underwent pneumonectomy, those with
longer pulmonary artery stump, and those with pulmonary
artery stump ligated by using stapler.

© 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

Pulmonary artery stump thrombosis (PAST) follow-
ing pneumonectomies is a rare condition the clinical im-
portance of which is still unknown. A few case reports and
only three studies on limited numbers of patients with
PAST have been published [1-6]. In two retrospective
studies, the frequency of PAST after pneumonectomy
was reported to be 12-12.4% [1, 2]. In these studies, it was
reported that the development of PAST was more com-
mon in subjects who underwent right pneumonectomy
and in subjects whose pulmonary artery stump was lon-
ger. Lopez-Padila et al. [3] reported that the frequency of
PAST after pneumonectomy or lobectomy was 1.9%, and
it was confirmed that it developed more frequently, espe-
cially after right pneumonectomy. PAST is rarely accom-
panied by pulmonary embolism and is commonly re-
garded as a benign entity. Consequently, anticoagulation
therapy is not generally recommended [4]. Due to the
limited number of studies, there is insufficient informa-
tion about PAST risk factors, follow-up, and treatment.
Therefore, we studied the prevalence and risk factors of
PAST and its clinical significance (follow-up, treatment,
and resolution) in subjects with pneumonectomy or lo-
bectomy.

Methods and Subjects

Following the approval of the Local Ethics Committee of
Karadeniz Technical University Medical Faculty, the study was
carried out in the Departments of Chest Diseases and Thoracic
Surgery, retrospectively.

Subjects

We included in this study all adult cases who underwent pneu-
monectomy or lobectomy in our hospital between January 2014
and December 2018 for any reason (i.e., cancer or benign diseases)
and who underwent control contrast-enhanced thoracic CT dur-
ing the follow-up period. Subjects without contrast-enhanced tho-
rax CT after surgery were excluded from the study. Demographical
and clinical features of the subjects (smoking history, comorbid
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diseases, cancer history, thrombus risk factors, and anticoagulant
use), data about surgery (dates and causes of surgery, histopathol-
ogy results, pulmonary artery ligation techniques, and stage of ma-
lignant diseases), and the features of thrombi (location and resolu-
tion) were recorded.

Statistical Analysis

Data analysis was performed using SPSS software (IBM Statis-
tics SPSS 22). The Kolmogorov-Smirnov test was performed to
evaluate the suitability of the data for normal distribution. The x?
test was used to compare categorical variables. The parametric Stu-
dent ¢ test was used for comparing mean or median values of nor-
mally distributed data, and the nonparametric Mann-Whitney U
test was used to compare data that were not normally distributed.
Univariate logistic regression analysis was performed for param-
eters likely to predict PAST.

Results

During the study period, a total of 454 subjects under-
went pneumonectomy (93 subjects) or lobectomy (361
subjects). Among the subjects, 252 were excluded because
they had no contrast-enhanced control thorax CT in our
hospital system, and 202 subjects (50 with pneumonec-
tomy and 152 with lobectomy) with at least one postop-
erative contrast-enhanced thorax CT were included in
the analyses.

Of the 202 subjects included in the study, 173 (85.6%)
were male and 29 (14.4%) were female (Table 1). The
causes of surgery were primary lung malignancy in 185
subjects (91.5%) and other diseases (metastasis from ex-
trapulmonary malignancy or benign diseases such as
bronchiectasis) in 17 subjects (8.5%). Other diseases re-
quiring surgery were bronchiectasis (n = 5, 2.5%), metas-
tasectomy (n = 4, 2%), aspergilloma (n = 2, 1%), bullous
lung (n = 2, 1%), and other causes (n = 4, 2%).

During the follow-up period, PAST was detected in 9
(4.5%) of 202 subjects and pulmonary embolism (PE) in
9 subjects (4.5%) (Fig. 1, 2). One subject with PAST also
developed PE during the follow-up period. PAST was de-
tected in 5 subjects (4.8%) who had undergone right lung
operation and in 4 subjects (4.3%) who had undergone
left lung operation (p = 1.000). The surgical procedure in
PAST subjects was thoracotomy in 8 (89%) subjects and
VATS in 1 (11%) subject.

The histological types of all 9 subjects with PAST were
not statistically different from 193 subjects without PAST.
The mean time between the detection of PAST and the
surgery was 133.4 £+ 173.6 days (median: 108 days, range:
6-568 days). The mean time between surgery and control
thorax CT was 113.9 + 175.3 days (median: 59 days, range:
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Table 1. Distribution of demographic and

clinical characteristics between subjects Variables Pulmonary artery stump p value
with or without pulmonary artery stump thrombosis
thrombi following pulmonary resection yes(N=9) no (N=193)
Age, years 70.1+7.4 63.3+10.5 0.059
Gender, %
Male (N =173) 9-5.2 164-94.8 0.363
Female (N =29) 0-0 29-100
BMI, %
BMI =25 5-3.8 126-96.2 0.453
BMI <25 4-7.3 51-92.7
Smoking, %
Yes (N =155) 9-5.8 146-94.2 0.600
No (N =18) 0 18-100
Comorbidity,* %
Yes (N = 140) 7-5 133-95 1.000
No (N =56) 2-3.6 54-96.4
History of familial malignancy, %
Yes (N =45) 5-11.1 40-88.9 0.080
No (N =62) 1-1.6 61-98.4
Immobilization, %
Yes (N=31) 3-9.7 28-90.3 1.000
No (N=32) 4-12.5 28-87.5
Surgical procedure, %
Lobectomy (N =152) 4-2.6 148-97.4 0.043
Pneumonectomy (N = 50) 5-10 45-90
Pulmonary artery ligation technique, %
Silk ligation (N =97) 1-1 96-99.0 0.034
Stapler (N =95) 7-7.4 88-92.6
Reason for surgery, %
Lung cancer (N =185) 9-4.9 176-95.1 1.000
Others (N=17) 0-0 17-100
Stage of malignancy, %
Stage 1-2(N=119) 7-5.9 112-94.1 0.721
Stage 3-4 (N=63) 2-3.2 61-96.8
Histopathological types of malignancy, %
Squamous cell (N =81) 6-7.4 75-92.6 0.344
Adenocancer (N = 74) 2-2.7 72-97.3
Small cell (N =4) 0-0 4-100
Others (N = 26) 1-3.8 25-96.2
Adjuvant chemotherapy, %
Yes (N =136) 7-5.1 130-94.9 0.722
No (N =63) 2-3.2 61-96.8
Mortality, %
Exitus (N = 67) 4-6 63-94.0 0.483
Alive (N=135) 5-3.7 130-96.3

* Comorbidities other than the current disease requiring surgery.

6-568 days) in those with PAST and 158.5 + 155.4 days
(median: 112 days, range: 3-1,126 days) in those without
PAST (p = 0.047) (Table 2).

We observed that PAST was seen most commonly in
subjects with pneumonectomy (p = 0.043) and in subjects
with pulmonary artery ligation by using stapler (p = 0.034)
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(Table 1). The length of the pulmonary artery stump was
alsolonger in subjects with PAST (mean: 8.48 +11.22 mm,
median: 4 mm, range: 0-68 vs. mean: 23.55 + 11.22 mm,
median: 26 mm, range: 9-40 mm, p < 0.001).

Of the 9 subjects with PAST, 2 had presented to a
physician with fever, 2 with dyspnea, and 1 with he-
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Table 2. Surgical procedures and outcomes of thrombus in subjects with pulmonary artery stump thrombi

Subject Surgical Technique of Length of Duration between Duration of Last situation
No. procedure pulmonary pulmonary surgery and detection  anticoagulant of thrombi
ligation stump, mm of thrombi, days therapy, months (months)

No. 1 Right pneumonectomia Stapler 30 110 11 Unchanged (48)

No.2 Left lower lobectomy Stapler 16 568 - Completely regressed
(20)

No.3 Right bilobectomy inferior Stapler 12 26 20 Completely regressed
(1mn

No. 4 Left pneumonectomia Stapler 26 59 3 Unchanged (13)

No.5 Right pneumonectomia Stapler 38 19 8 Unchanged (4)

No.6 Left upper lobectomy Stapler + silk 9 6 8 Completely regressed (3)

No.7 Left pneumonectomia Stapler 26 197 Partially regressed (14)

No.8 Right lower lobectomy Silk 15 108 Unchanged (7)

No.9 Right pneumonectomia Stapler 40 108 - Unknown

Fig. 1. Right pulmonary artery stump thrombosis in patient num-
ber 1.

moptysis; however, 4 subjects were asymptomatic. Af-
ter diagnosis of PAST, only 6 subjects were given anti-
coagulant therapy. The average anticoagulant treat-
ment period was 9.5 £ 5.7 months (median: 8 months,
range: 3-20 months). In follow-up, of the 3 subjects
who were not given anticoagulant treatment, 1 had a
complete resolution while 1 had partial resolution, and
1 was unknown because of death before obtaining con-
trol thorax CT. Of the 6 subjects who were given anti-
coagulant treatment, 2 had complete regression; how-
ever, no change was observed in PAST in 4 subjects.
Univariate logistic regression analysis showed that

Pulmonary Artery Stump Thrombosis

Fig. 2. Right pulmonary artery stump thrombosis and left lower
lobe arterial embolism in patient number 3.

pneumonectomy and longer pulmonary artery stump
length were found to be significantly related to PAST
(p =0.041 and p = 0.001, respectively) (Table 3).

Discussion

We found that 4.5% of subjects developed PAST after
pneumonectomy or lobectomy in our study. PAST was
detected in 12.2% of 147 pneumonectomy cases in a pre-
vious study [1] and in 12.4% of 89 pneumonectomy cases
in another study [2]. This rate was 1.9% (9 of 473 subjects)
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Table 3. Analysis of parameters predicting pulmonary artery stump thrombosis using univariate logistic regression

Variables Odds ratio 95% Cl p value
Age 1.074 0.997-1.158 0.061
BMI (BMI >25) 1.976 0.510-7.658 0.324
History of familial malignancy 7.625 0.859-67.706 0.068
Comorbidity 1.421 0.286-7.059 0.667
Immobilization 0.750 0.154-3.663 0.722
Travel >12 h 0.571 0.054-6.079 0.643
Adjuvant chemotherapy 1.642 0.331-8.140 0.544
Recent surgery — trauma 1.009 0.243-4.195 0.990
Type of operation (pneumonectomy/lobectomy) 4111 1.059-15.961 0.041
Length of bronchial arterial stump 1.068 1.026-1.112 0.001
Pulmonary artery ligation technique (stapler vs. suture) 7.651 0.922-63.463 0.059

in a study including both lobectomy and pneumonecto-
my subjects [3]. Although the PAST frequency was rela-
tively higher in the first two studies involving subjects
who underwent pneumonectomy only [1, 2], our results
were similar to the PAST rates found in the study by Lo-
pez-Padilla et al. [3] which included both subjects with
pneumonectomy and lobectomy.

In our study, we found that all PASTs developed in
subjects with lung cancer (6 squamous cell cancer, 2 ad-
enocarcinoma, and 1 large cell neuroendocrine carcino-
ma). Although it is difficult to make a unequivocal con-
clusion due to the scarcity of PAST numbers, similar re-
sults were reported in the study by Lopez-Padilla et al. [3]
who found that all PAST subjects had pulmonary malig-
nancy and similar histopathologic subtypes (4 squamous
cell cancer, 4 adenocarcinoma, and 1 large cell carcino-
ma) [3]. Kim et al. [1] also showed that 15 of 18 PAST
cases had squamous cell carcinoma while 3 had adenocar-
cinoma. Thus far, PAST has not been studied in subjects
who underwent pneumonectomy/lobectomy for reasons
other than primary lung malignancy. During our study,
the number of subjects operated for non-lung cancer dis-
ease was 104; however, control contrast-enhanced thorax
CT was obtained in only 17 of them. PASTs could have
been neglected possibly because control thorax CT was
not performed in most of these subjects after pneumo-
nectomy/lobectomy.

Lopez-Padilla et al. [3] showed that 6 out of 9 pulmo-
nary artery stump thrombus and Kim et al. [1] showed
that 14 out of 18 pulmonary artery stump thrombus were
on the right hemithorax. In our study, we did not observe
such a relationship; however, we found that PAST was
more frequent in cases with pneumonectomy than with
lobectomy. As PAST was not looked at in previous studies
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on subjects with pneumonectomy versus lobectomy, fur-
ther studies are needed for comparison [1, 3].

It has been reported that the probability of thrombus
increases as the length of the pulmonary artery stump in-
creases [1, 2]. Kwek et al. [2] found that the length of the
pulmonary artery stump in subjects with PAST was 40 +
14 mm on the right and 21 + 11 mm on the left; however,
it was 30 £ 9 mm on the right and 12 + 6 mm on the left
in subjects without PAST. Kim et al. [1] also found the
pulmonary artery stump to be longer in subjects with
PAST (37.2 + 6.8 mm in those with PAST and 12.5 + 25
mm in those without PAST). Similarly, in our study, the
average stump length was 8 mm in those who did not have
PAST, and the average length of stump was 23 mm in
those who had PAST and the risk of developing thrombus
was increasing as the stump length increased. On the oth-
er hand, the pulmonary artery ligation technique requires
attention since the development of PAST (suture vs. sta-
plers) was higher in those by staplers (p = 0.034). Isik et
al. [7] reported that thrombus formation in the pulmo-
nary artery stump is more likely to occur following the
closure of the stump with the transfixation ligature tech-
nique compared with the continuous ligature technique.

We found no relationship between the development of
pulmonary artery stump thrombus and the gender, body
mass index, smoking status, malignancy stage, comorbid-
ity, immobility, and chemotherapy status. We suggest
that more comprehensive studies are needed to conclude
unequivocally on these relationships.

In our study, thrombus was stable in 4 of 9 cases with
PAST, 3 were completely regressed and 1 was partially re-
gressed (1 subject could not be evaluated). It was deter-
mined that 4 of 4 subjects with stable PAST and 2 of 3 sub-
jects with complete regression in their PAST received anti-
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coagulant treatment. Although the number of cases is quite
limited, we concluded that administration of anticoagulant
therapy did not affect the outcome of PAST in more than
half of the subjects. We also observed that PAST usually ap-
peared in the first 6 months (mean: 133 days) after the op-
eration, and that there was no relationship between the re-
gression or occurrence of PAST in the first 6 months and
later. On the contrary, Lopez-Padilla et al. [3] showed that
PAST, which appeared in the first 12 months after surgery,
was more likely to resolve, while those developing after 12
months resolved more slowly. In the same study, 7 of 9 sub-
jects with PAST were given anticoagulant therapy, and
PAST was resolved in 6 subjects with PAST (2 of them with-
out using anticoagulant therapy). Kim et al. [1] found the
mean time between stump thrombus and the surgery to be
14.8 months (range: 4.4, max: 61.2 months) [3].

The most important limitation of our study is the lim-
ited number of cases with PAST as in previous studies [3].
The low number of PAST cases did not allow for multi-
variate analysis to investigate risk factors and to ascertain
the effectiveness of treatment and the course of PAST.
Also, no conclusion could be drawn on whether periop-
erative anticoagulant prophylaxis helps prevent PAST,
and the possible role of underlying hypercoagulopathy
has not been studied.

Conclusion
PAST was detected in 4.5% of our subjects undergoing
lobectomy/pneumonectomy. PAST was found to be sig-

nificantly higher in subjects who underwent pneumonec-
tomy, those with longer pulmonary artery stump, and
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