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Introduction

Lung transplantation is a life-saving intervention for patients with
end-stage pulmonary diseases, such as chronic obstructive pulmonary
disease (COPD), idiopathic pulmonary fibrosis (IPF), and cystic fibrosis.
While the procedure offers significant improvements in survival and
quality of life, lung transplant recipients face several post-transplant
complications that can affect the transplanted lung and overall
pulmonary function. Among these complications, graft dysfunction,
infections, rejection, and chronic lung allograft dysfunction (CLAD)
are the most concerning. High-resolution computed tomography
(HRCT) has become an essential tool in the management of post-lung
transplant patients due to its ability to detect subtle changes in the lung
parenchyma and airways, often before clinical symptoms manifest.
This article explores the role of HRCT in monitoring pulmonary
complications in patients following lung transplantation [1].

Post-Lung Transplant Pulmonary Complications

After lung transplantation, patients are at risk for a variety of
pulmonary complications. These include acute and chronic rejection,
infections, graft dysfunction, and CLAD. Acute rejection occurs due
to the immune system recognizing the transplanted lung as foreign,
leading to inflammation and damage to the allograft. Chronic rejection,
or CLAD, manifests as a progressive decline in lung function, with two
major forms: bronchiolitis obliterans syndrome (BOS) and restrictive
allograft syndrome (RAS). Additionally, infections, including bacterial,
viral, and fungal infections, remain a significant cause of morbidity
and mortality in the early post-transplant period. HRCT imaging is
particularly valuable for monitoring these complications, as it provides
detailed, cross-sectional images of the lung that can detect changes in
lung tissue, airways, and pleura. The ability to identify early signs of
rejection, infection, or CLAD can guide clinicians in making timely
therapeutic decisions, ultimately improving patient outcomes [2].

Role of HRCT in Detecting Acute Rejection

Acute rejection is a common complication within the first few
months following lung transplantation, typically presenting with
symptoms such as cough, dyspnea, and fever. While the diagnosis of
acute rejection is confirmed through bronchoscopy and transbronchial
biopsy, HRCT can provide complementary information that helps
to identify early signs of allograft dysfunction [3]. In acute rejection,
HRCT may reveal subtle findings such as ground-glass opacities,
which are indicative of inflammation in the lung parenchyma. These
opacities are usually non-specific but can be a sign of interstitial
edema, a hallmark of rejection. In addition to ground-glass opacities,
HRCT may show patchy consolidation, bronchial wall thickening, and
peribronchial nodularity, all of which can be associated with acute
rejection. Although these findings are not diagnostic on their own,
their presence in a symptomatic patient can prompt further evaluation
through biopsy and immunosuppressive therapy adjustments.

HRCT in Assessing Chronic Lung Allograft Dysfunction
(CLAD)

Chronic lung allograft dysfunction (CLAD) is a major long-
term complication after lung transplantation, characterized by a
progressive decline in lung function over months or years. CLAD is
most commonly seen as bronchiolitis obliterans syndrome (BOS),
which leads to airway obstruction and airflow limitation. RAS, another
form of CLAD, involves restrictive lung disease and fibrosis, often with
more pronounced volume loss. HRCT plays a critical role in the early
detection and monitoring of CLAD, as changes in lung architecture
can be detected well before a decline in pulmonary function is evident.
In patients with BOS, HRCT may show findings such as bronchial
dilatation, air trapping, and mosaic attenuation. Mosaic attenuation
refers to the heterogeneous appearance of lung tissue on CT scans,
where areas of reduced attenuation (air trapping) alternate with
normal or hyperdense regions. These findings are suggestive of airway
obstruction and impaired ventilation [4]. In contrast, patients with
RAS often exhibit a more restrictive pattern on HRCT, with diffuse
interstitial fibrosis, volume loss, and a characteristic “honeycombing”
appearance. Honeycombing refers to the presence of cystic spaces
within the lung parenchyma, which is indicative of advanced fibrosis.
Monitoring these radiologic changes over time can provide valuable
insight into the progression of CLAD and guide therapeutic decisions,
including changes in immunosuppressive therapy or consideration for
retransplantation [5].

HRCT for Detecting Infections in Post-Lung Transplant
Patients

Infections are a leading cause of morbidity and mortality in lung
transplant recipients, particularly in the early post-operative period.
Both bacterial and viral infections, such as pneumonia, cytomegalovirus
(CMV), and fungal infections like Aspergillus, can affect the lung
transplant recipient and require prompt diagnosis and intervention.
HRCT is invaluable in the detection and characterization of pulmonary
infections. In bacterial pneumonia, HRCT may show consolidation, air
bronchograms, and sometimes cavitation, depending on the pathogen.
Viral infections, such as CMV or respiratory syncytial virus (RSV),
may present with diffuse bilateral ground-glass opacities or focal
areas of consolidation. Fungal infections, particularly those caused
by Aspergillus, often manifest as nodules with surrounding ground-
glass opacities or as masses with central necrosis. These findings can
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help differentiate between infectious and non-infectious causes of
pulmonary symptoms and can guide the selection of appropriate
antimicrobial therapy [6]. One of the unique advantages of HRCT is its
ability to identify early infectious changes before the patient develops
significant clinical symptoms. This is especially important in the
immunocompromised lung transplant population, where infections
can progress rapidly without the typical signs of inflammation, such
as fever or leukocytosis. Early detection through HRCT allows for
earlier treatment, which can improve outcomes and prevent further
complications [7].

Monitoring Rejection and Infection with HRCT

HRCT can also be used to monitor the effectiveness of treatment
for rejection or infection. For instance, if a patient is undergoing
therapy for acute rejection, follow-up HRCT can assess the resolution
of ground-glass opacities and consolidation, which would indicate a
positive response to immunosuppressive therapy. Similarly, in cases of
infection, repeat HRCT can demonstrate the resolution of infiltrates or
consolidation, confirming the efficacy of antimicrobial treatments. The
ability to track changes in lung parenchyma and function over time also
makes HRCT an essential tool for assessing long-term outcomes in lung
transplant recipients. Serial HRCT scans can reveal progressive changes
in the lung tissue, such as the development of fibrosis or the progression
of infection, helping clinicians make timely decisions regarding the
continuation of immunosuppressive therapy, the need for antiviral or
antifungal agents, or the possibility of retransplantation.

Limitations of HRCT

Despite its advantages, HRCT does have limitations in monitoring
post-lung transplant complications. It is a high-cost imaging modality,
and repeat scans may not always be practical for long-term monitoring
in every patient. Moreover, HRCT involves exposure to ionizing
radiation, which can be a concern for patients who require frequent
follow-up imaging. Additionally, HRCT findings in post-transplant
patients are often non-specific and must be interpreted in the context of
clinical symptoms, laboratory results, and other diagnostic tests. HRCT
also has limitations in detecting early-stage rejection or complications

in the absence of overt changes in lung architecture. This underscores
the importance of using HRCT in conjunction with other diagnostic
modalities, such as pulmonary function tests, bronchoscopy, and
transbronchial biopsy, for a comprehensive assessment.

Conclusion

High-resolution computed tomography (HRCT) is an invaluable
tool in the monitoring and management of pulmonary complications in
post-lung transplant patients. It plays a crucial role in the early detection
of acute rejection, chronic lung allograft dysfunction, infections, and
other pulmonary complications. By providing detailed, cross-sectional
images of the lungs and airways, HRCT enables clinicians to identify
subtle changes in lung parenchyma that may not yet be evident
clinically. This allows for earlier intervention, potentially improving
patient outcomes and preventing further deterioration. Despite its
limitations, HRCT remains a cornerstone of post-lung transplant care
and continues to contribute to the long-term management and survival
of transplant recipients.
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