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Kartagener syndrome (KS) is a rare disease with an incidence of 1 in 20,000 to 30,000 births. 
There is no cure for KS, and conservative medical treatments are used to relieve symptoms 
and prevent disease progression. Lung transplantation (LT) is the only treatment option 
for end-stage KS. Since patients with KS have anatomical abnormalities such as situs in-
versus totalis, which often require surgery to correct, most reports are related to surgical 
techniques. Reports about morphological adaptations and changes in transplanted lung 
structure after LT in patients with KS are rare. We performed LT in a patient with KS and 
observed morphological adaptation of the lungs for 6 months on chest computed to-
mography using a quantitative evaluation tool (Chest Image Platform; Harvard University 
Disability Resources, Cambridge, MA, USA).
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Case report

A 54-year-old man with Kartagener syndrome (KS), re-
quiring long-term supplemental oxygen therapy and mac-
rolide therapy due to recurrent lung infections for more 
than 10 years, was considered for bilateral lung transplan-
tation (LT). Computed tomography (CT) of the chest 
showed bronchiectasis and pulmonary cystic changes pre-

dominantly in the right lung, as well as situs inversus tota-
lis (Fig. 1A). The patient underwent bilateral LT, with the 
donor being a 37-year-old woman who had died of non- 
traumatic cerebral hemorrhage. The donor had an arterial 
oxygen partial pressure/fraction of inspired oxygen ratio of 
380. The estimated vital capacity-based size match of the 
donor lungs to the recipient lungs was 94%. The operation 
was performed through a bilateral anterolateral thoracoto-
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Fig. 1. (A) Preoperative chest computed tomography (CT) shows bronchiectasis and pulmonary cystic changes predominantly in the right 
lung, as well as situs inversus totalis. (B) A 3-dimensional–reconstructed postoperative chest CT scan shows the left pulmonary artery 
pathway changing abruptly from up to down at the level of the main bronchus (blue arrow and blue-colored structure). (C) A chest X-ray 
examination performed 1 week after surgery. (D) A chest X-ray examination performed 6 months after surgery. At both time points, there 
was no definite elevation of the diaphragm, suggesting the absence of phrenic nerve palsy.
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my. Severe pleural adhesions, especially at both apices, ne-
cessitated careful adhesiolysis before establishing extracor-
poreal membrane oxygenation (ECMO). Dual-drain 
peripheral ECMO with a pulmonary artery drain was per-
formed to obtain complete drainage during transplanta-
tion. After bilateral pneumonectomy, the donor’s left lung 
was first transplanted. The recipient’s left pulmonary ar-
tery (LPA) was located anterior to the left main bronchus, 
while the donor’s LPA was located superior to the donor’s 
bronchus. We applied the method proposed by the Wash-
ington group for LPA anastomosis in the patient with KS 
[1]. With adequate mobilization of both the donor’s and re-
cipient’s LPAs, the ends of both LPAs were beveled to 
match the size and orientation. For the transplantation of 
the right lung, the right pulmonary artery (RPA; anatomi-
cally LPA) of the recipient located superior to the right 
main bronchus was anastomosed as proximally as possible 
to reduce anatomical mismatch (Fig. 1B). The patient had 
an uneventful postoperative course and was discharged 
from the hospital on postoperative day 25. Chest X-ray ex-
aminations performed 1 week and 6 months after surgery 
did not show elevation of the diaphragm, which would 
have suggested phrenic nerve palsy (Fig. 1C, D).

Chest CT was performed 1 week and 6 months after sur-

gery. Three-dimensional (3D) reconstruction was per-
formed using 3D slicer software (http://www.slicer.org) to 
observe any deformation of the transplanted lungs and 
blood vessels. Additionally, the Chest Image Platform (CIP, 
a 3D slicer extension program; Harvard University Disabil-
ity Resources, Cambridge, MA, USA) was used for a quan-
titative evaluation of the volume and mass of the lung. A 
CT scan performed 1 week after surgery showed a severe 
stricture due to kinking of the pulmonary artery by an ab-
normal pathway and extrinsic compression of the left main 
bronchus (Fig. 2A, B). However, a CT scan performed 6 
months postoperatively showed an increase in the size of 
the narrowed LPA (Fig. 2C, D). We found that the vascular 
stricture gradually resolved with time. Additionally, on 
1-week postoperative CT, the right lower lobe (RLL) ac-
counted for 27.7% and 35.45% of the total lung volume and 
mass, respectively, and the corresponding proportions in 
the right middle lobe (RML) were 29.79% and 27.04% (Fig. 
3C, D). Based on these assessments of lung volume and 
mass, we interpret that the right deviation of the heart due 
to situs inversus totalis led to collapse of the RLL and sub-
sequent overexpansion of the RML in the early postopera-
tive period. The mass ratio on chest CT was similar at 6 
months, but the ratio of volume increased from 27.70% to 

Fig. 2. Chest computed tomogra-
phy (CT) scans. (A, B) A CT scan 
taken 1 week after surgery shows 
a severe stricture (white arrow) due 
to the kinking of the pulmonary ar-
tery by an abnormal path and ex-
trinsic compression of the left main 
bronchus. (C, D) A CT scan taken 
6 months postoperatively shows an 
increase in the size of the narrowed 
pulmonary artery (black arrow).
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30.43% in the RLL and decreased from 29.70% to 26.80% 
in the RML. The atelectasis in the RLL disappeared with 
time and its volume increased, but not to the normal size. 
Additionally, the hyper-expanded RML showed a tendency 
to change to a normal size over time (Fig. 3A, B).

The patient involved in this case report authorized the 
disclosure of his protected health information for academic 
purposes.

The institutional review board at Pusan National Uni-
versity Yangsan Hospital approved the present study (IRB 
approval no., 05-2021-175), and the patient consent was 
waived for the retrospective data analysis.

Discussion

LT in patients with KS should be performed as if both 
lungs are to be transplanted contralaterally, because KS 

presents with dextrocardia, bronchial asymmetry, and an-
atomical variations of major vascular structures due to si-
tus inversus totalis. Therefore, anatomical considerations 
due to situs inversus totalis are important factors in suc-
cessful LT in patients with KS.

The first consideration is the pathway and mismatch of 
the pulmonary artery of the donor and recipient. In situs 
inversus totalis, the main pulmonary artery is divided in 
the anterior portion of the right main bronchus, and the 
LPA runs below the right aortic arch and along the anteri-
or of the left main bronchus, whereas the RPA runs 
through the superior aspect of the right main bronchus 
and runs along the posterior aspect of the right main bron-
chus. Therefore, a mismatch of the pulmonary artery path-
way between the donor and recipient is inevitable when a 
normal lung is transplanted in a patient with KS [2-4]. Es-
pecially on the left side, this anatomical mismatch causes 

Fig. 3. The 3-dimensional–reconstructed computed tomography (CT) scans at 1 week and 6 months postoperatively show that morpho-
logical adaptation occurred gradually, but the lung size in the right lower lobe (RLL) did not fully recover to its normal size. (A) The CT 
scan at 1 week showed that the RLL (green area) was small compared to the upper and middle lobes, and focal atelectasis was seen on 
chest CT. (B) The CT scan at 6 months shows that the atelectasis had disappeared, but not enough to recover to normal size. (C) While the 
volume of the RLL was lower than that of the right middle lobe (RML) according to the chest CT examination performed at postoperative 
week 1, the volume of the RLL increased more than the volume of the RML at 6 months postoperatively. However, the volume of the 
RLL did not increase to its normal value (i.e., 40%). (D) The mass of the RML and RLL was similar after 6 months. Thus, the RLL increased 
in both mass and volume, but the RML decreased only in volume, without an increase in the mass. RUL, right upper lung. a)Mass was 
calculated from the following formula: voxel tissue weight=[1–(voxel density/-1,000)]×voxel volume.
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fundamental structural problems after transplantation; the 
LPA runs upwards, turns around the left main bronchus, 
and runs downward towards the major fissure. The pul-
monary artery pathway changes abruptly from upwards to 
downwards at the level of the main bronchus. The path of 
the pulmonary artery shows a reversed U-shape after 
transplantation, causing the LPA to kink.

The degree of kinking can be reduced by sufficiently 
mobilizing the donor and recipient pulmonary arteries to 
maintain a sufficient length of the pulmonary artery and 
by performing a bevel-type pulmonary artery anastomosis 
to allow the main bronchus to return as freely as possible 
[1]. However, this method is difficult. If kinking occurs de-
spite all treatments, it is best to observe the patient’s condi-
tion during follow-up rather than performing an addition-
al operation to relieve vessel kinking. For this reason, we 
decided to closely observe this patient for vessel kinking. 
Chest CT performed 1 week after surgery showed an 
abrupt change in the direction of travel of the pulmonary 
artery and severe kinking in the left main bronchial region 
(Fig. 2A, B). However, a 6-month follow-up showed that 
the shape of blood vessels in the kinked part changed to 
become near-normal through gradual morphological ad-
aptation (Fig. 2C, D).

Another consideration is the effect of morphological 
mismatch on the volume of the lung due to situs inversus 
totalis. Since the right-deviated heart in situs inversus tota-
lis is located between the RML and RLL, the RML tends to 
over-expand and the RLL tends to shrink in the early post-
operative period. According to a few reports on LT in KS 
patients, right lower lobectomy was performed to prevent 
volume-related atelectasis [5,6]. Recently, size-matched 
transplantation has been preferred over lobectomy because 
lobectomy increases the risk of a bronchial fistula [5]. De-
spite efforts to match size, atelectasis of the RLL may still 
occur due to an anatomical abnormality; in this case, the 
CT scan at 1 week showed atelectasis of the RLL (Fig. 3A). 
However, the CT scan at 6 months showed that atelectasis 
of the RLL had resolved as a result of the morphological 
adaptation of the RML and RLL (Fig. 3B). According to the 
data calculated from chest CT performed at postoperative 
week 1, the mass of the RML was less than that of the RLL 
(Fig. 3D), whereas the volume of the RML was higher than 
that of the RLL (Fig. 3C). However, on the chest CT scan 
taken 6 months postoperatively, the RLL had increased 
both in mass and volume, whereas the RML had decreased 
only in volume, and not in mass (Fig. 3C, D). The CT scans 
at 1 week and 6 months showed that the morphological ad-

aptation gradually occurred, but the size of the RLL did 
not recover, considering that the normal volumes of the 
RML and RLL are around 25% and 40% of the right lung 
[6]. It is thought that situs inversus totalis continued to af-
fect the volume of the RLL.

LT in patients with KS inevitably causes a morphological 
mismatch and structural abnormalities of the anastomotic 
vessels due to situs inversus totalis. Although it is thought 
that surgery is difficult or impossible due to anatomical in-
compatibility, based on our experience, if the characteris-
tics of the anatomical structures and gradual morphologi-
cal adaptation after surgery are understood, LT in patients 
with KS may be considered a viable option.
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