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Background: Pulmonary nodular lymphoid hyperplasia (PNLH) is a rare benign disease lacking 
systematically clinical assessment. This study aims to explore the clinical features of PNLH and evaluate the 
safety and efficacy of different surgical approaches for PNLH.
Methods: Patients with confirmed PNLH in our department between March 2007 and August 2017 were 
retrospectively reviewed. The detail information of patients, including demographic characteristics, medical 
history, preoperative investigations, perioperative findings, postoperative conditions, and recurrence status, 
was collected and analyzed.
Results: A total of 67 patients with PNLH were diagnosed in our department, and 15 of them were 
suspected to have lung cancer by radiological examination before the surgery. 43 of 67 patients underwent 
sublobar resection and 24 patients underwent lobectomy. Compared with the lobectomy, sublobar resection 
showed more significant advantages in operation time (P<0.001), blood loss (P=0.001), volume of chest 
drainage (P=0.007), duration of chest drainage (P=0.001) and postoperative hospital stay (P=0.001).
Conclusions: The diagnosis of PNLH before operation is challenging and it should be taken into 
consideration in the differential diagnosis of lung nodules. Compared with lobectomy, sublobar resection is 
an alternative approach for the treatment of PNLH.
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Introduction

Pulmonary nodular lymphoid hyperplasia (PNLH), initially 
termed as pseudolymphoma (1), is a rare benign disease. It 
was firstly introduced by Kradin and Mark (2) to describe 
one or more nodules or localized lung infiltrates, which 
consisted of a reactive lymphoid proliferation. Because 
of the rarity of PNLH and few reports on its clinical 
features such as hematologic index or radiological imaging, 
the preoperative diagnosis of PNLH is difficult even by 
PET-CT or needle biopsy. Its diagnosis mainly relies on 
postoperative pathological and immunohistochemical 
examination (3-6). There are several studies reporting that 

PNLH could be easily misdiagnosed as lung adenocarcinoma 
or lymphoma and the surgical resection for patients with 
adequate pulmonary function is both diagnostic and curative  
(4,7-9). The prognosis after surgical intervention is good (3), 
however, most of the patients with such benign disease who 
have undergone complete lobectomy would suffer substantial 
loss of normal lung parenchyma.

Compared with lobectomy, sublobar resection procedures 
such as wedge resection and segmentectomy have been 
proven to preserve more pulmonary function and decrease 
the occurrence of perioperative complications (10-12),  
and have advantages in the enhanced recovery after surgery 
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(ERAS). Therefore, on the premise of equivalent or even 
better efficacy and outcome, sublobar resection has the 
priority in treating certain pulmonary diseases, especially 
benign disease. Although researchers have reported that the 
efficacy and outcome of segmentectomy or wedge resection 
for PNLH is considered to be excellent (5,13), there is 
no comparison of perioperative and long-term outcomes 
among different surgical approaches with valid evidence. 

In this study, we aim to explore the clinical features of 
PNLH, including individual characteristics, radiological 
findings and long-term survival and to compare perioperative 
data of PNLH patients with sublobar resection and 
those with lobectomy. The primary goal of this study is 
to summarize the main clinical features of PNLH and to 
determine the optimal surgical approach for PNLH in terms 
of intraoperative and postoperative outcomes.

Methods

Patients and surgical procedure

Patients who underwent surgical treatment for PNLH at 
the First Affiliated Hospital of Zhejiang University, School 
of Medicine between March 2007 and August 2017 were 
consecutively included. The study protocol was approved 
by the Institutional Review Board of the First Affiliated 
Hospital of Zhejiang University, School of Medicine (ID 
of ethics approval: 20181032). The clinical information 
was collected from hospital electronic medical records 
system, including demographic characteristics, medical 
history, preoperative investigations, intraoperative data 
and postoperative course. PNLH was confirmed through 
pathological and immunohistochemical examinations in the 
resected pulmonary specimens. Lesion size was defined as 
the maximum diameter. Patients with a senior high school 
education or above were defined as well-educated, others 
were classified as poorly-educated. Smoking and drinking 
was defined as historical or current tobacco and alcohol 
dependence, respectively.

All patients were evaluated thoroughly before the 
surgery and only those with sufficient cardiopulmonary 
function were suitable as the candidates for thoracotomy or 
video-assisted thoracoscopic surgery (VATS). It was worth 
mentioning that only three patients underwent PET-CT 
scans before surgery to assess the lesions. There were three 
reasons. First, 44 patients did not have the opportunity to 
take the examination because the machine of PET-CT was 
introduced into our center in late 2014. Secondly, 3 patients 

were very highly suspected as early stage lung cancer on CT 
scan and underwent surgery directly without taking PET-
CT scan. Finally, the remaining patients refused to take 
this examination due to the high cost. Wedge resection was 
adopted with priority if parenchymal resection margins ≥2 cm 
could be achieved. Segmentectomy was performed if it was 
difficult to preserve the adequate margin by wedge resection. 
There were three criteria performing lobectomy. First, the 
lesion was too extensive to be guaranteed the negative margin 
after sublobar resection. Secondly, the lesion was located too 
deep to be removed by sublobar resection. Finally, the lesion 
was larger than 2 cm and highly suspected as lung cancer.

All patients underwent general anesthesia with single-
lung ventilation and were placed in lateral decubitus 
position. Conventional posterolateral serratus divided 
thoracotomies were performed in the open procedures, 
and 3-ports approach was adopted in the thoracoscopic 
procedures. Generally, bronchi, pulmonary vasculature and 
parenchyma were resected by the corresponding endoscopic 
cut stapler. All resected specimens were routinely sent 
for frozen section examination during operation. Prior 
closing, the cavity was rinsed by fairly high temperature 
of normal saline to detect potential air leak and one chest 
tube was placed in the appropriate position at the end of 
the procedure. The tube was removed when it was clearly 
confirmed no air leak and the volume of drainage was 
less than 200 mL/day. Patients were discharged from the 
hospital if there was no postoperative complication and no 
obvious pneumothorax or chest fluid by roentgenograms. 
Regular reexamination was required for all patients after 
being discharged from the hospital.

Follow-up

Follow-up data were collected by telephone calls and 
reviewing the records of reexamination in the outpatient 
clinic. The last follow-up time was February 2018. The 
outcomes of interest of the current study included the 
incidence of disease recurrence, disease-free survival, and 
overall survival. Recurrence was defined as PNLH relapse 
within the same or other lobes of the lung confirmed 
through histological or radiographic methods.

Statistical analysis

All the analysis was conducted by SPSS software (version 
19.0, IBM SPSS Inc., United States). The measurement 
data and numeration data were statistically analyzed with t 
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test and χ2 test respectively. Statistical significance was set at 
P value <0.05 (All P values presented were 2-sided).

Results

Clinical characteristics

From March 2007 to August 2017, a total of 67 patients 
with PNLH were diagnosed in our department. The 
major characteristics were listed in Table 1. There was no 
significant gender difference among the included patients 
and the median age was 57 years old, which ranged from 
25 to 72 years. More than half of the nodules were detected 
by routine chest X-rays or computed tomography (CT). 
There was one patient with Sjogren’s syndrome. In terms 
of hematological index, lymphocyte count and percentage 
were normal in most of the patients. Serum tumor makers 
were normal except a 57-year old male patient with elevated 
ferritin. Lesions were more likely to be located in the lower 
lobes of the lung and 4 cases have been found involving two 
lobes. 46 of 67 patients (68.7%) had solitary lesions, whereas 
21 of 67 (31.3%) demonstrated two or more lesions. Most 
of lesions were grayish, tan, black and grey nodules or 
masses with a firm, rubbery, or fleshy consistency. The 

Table 1 The baseline clinical characteristics of pulmonary nodular 
lymphoid hyperplasia

Variable Value (n=67)

Sex

Male 35 (52.2)

Female 32 (47.8)

Age (years) 57 [25–72]

Symptoms

Cough 15 (22.4)

Hemoptysis 5 (7.5)

Both 11 (16.4)

Asymptomatic 36 (53.7)

Systematic comorbidities

Hypertension 15 (22.4)

Diabetes 2 (3.0)

Hepatitis B 7 (10.4)

Sjogren’s syndrome 1 (1.5)

Underlying lung disease

Chronic bronchitis 1 (1.5)

Tuberculosis 1 (1.5)

Personal history

Smoking 21 (31.3)

Drinking 12 (17.9)

Educational status

Poorly-educated 37 (55.2)

Well-educated 24 (35.8)

Not noted 6 (9.0)

Hematological index

White blood cell count 5.7 (1.8–10.1)*

Lymphocyte count 1.7 (0.5–4.1)*

Lymphocyte percentage (%) 30.5 (9.0–53.0)

Location of lesion

Left upper lobe 4 (6.0)

Left lower lobe 20 (29.9)

Right upper lobe 9 (13.4)

Right middle lobe 11 (16.4)

Right lower lobe 19 (28.4)

Left upper and lower lobes 1 (1.5)

Right upper and middle lobes 1 (1.5)

Right upper and lower lobes 2 (3.0)

Table 1 (continued)

Table 1 (continued)

Variable Value (n=67)

Number of lesions

One 46 (68.7)

Two 8 (11.9)

More 13 (19.4)

Color of lesion

Grayish 11 (16.4)

Tan 5 (7.5)

Black and grey 11 (16.4)

Not noted 40 (60.0)

Consistency of lesion

Firm 20 (29.9)

Rubbery 8 (11.9)

Firm, rubbery 2 (3.0)

Fleshy 3 (4.5)

Not noted 34 (50.7)

Lesion size (cm) 1.3 (0.2–7.5)

*, Values’ unit is 109/L. Values are N (%) or median (range).
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lesions varied from 0.2 to 7.5 cm in the greatest dimension 
with a mean maximum diameter of 1.8 cm. Most of the 
lesions were less than 3 cm in the greatest dimension.

Imaging findings

All patients received imaging examination before the 
surgery. CT scans were performed in 63 patients, 21 of 
whom underwent enhanced CT scanning while chest 
radiographs were performed in 4 patients. The major 
imaging findings of lesions were summarized in Table 2. 
Most lesions presented as subsolid or solid nodules and 

part of them possessed the characteristics of pulmonary 
adenocarcinoma, such as lobulation, speculation, vessel 
convergence, pleural indentation, enhancement and 
lymphadenectasis. Thus, 24% of the patients who 
underwent CT scans were considered of having lung 
cancer by the radiologists (Figure 1). Additionally, there 
were three patients who underwent PET-CT scan 
examinations. Two cases showed that FDG uptake elevated 
slightly with standardized uptake values (SUV) of 0.99 and  
0.91 respectively, while the remaining one was negative.

Surgical procedure and perioperative data

Twenty-four of 67 patients underwent lobectomy, including 
one case transformed from video-assisted thoracic surgery 
(VATS) to thoracotomy due to severe pleural adhesion, and 
43 patients underwent sublobar resection, including one 
patient who underwent segmentectomy and 42 patients 
who underwent wedge resection. The baseline demographic 
characteristics and perioperative information of the two 
groups were shown in Table 3. The lesions were diagnosed 
by intraoperative frozen section examination as lymphoid 
hyperplasia, inflammatory disease and benign disease in 17, 
5, 2 patients in the lobectomy group, and 39, 2, 2 patients in 
the sublobar resection group, respectively, with no statistical 
difference between two groups. In comparison with the 
lobectomy group, the sublobar resection group tended 
to take shorter operative time (149 vs. 77 min; P<0.001) 
and less amount of blood lost (100 vs. 20 mL; P=0.001) 
intraoperatively. Additionally, sublobar resection also had 
advantages on the volume (820 vs. 430 mL; P=0.007) and 
duration of chest drainage (4 vs. 2 days; P=0.001), as well as 
the postoperative hospital stay (7 vs. 5 days; P=0.001). There 
was a 60-year old female patient in sublobar resection group 
who underwent lymphadenectomy and later developed 
chylothorax postoperatively. After the conservative 
treatment such as sufficient drainage, she was discharged 
from hospital on postoperative day 13. In general, there 
was no statistical differences in perioperative complications. 
No dead event occurred during 30 days after the operation. 
All the pathological results of resected lymph nodes were 
reactive hyperplasia or inflammatory change. The rates 
of VATS and lymphadenectomy between two groups had 
statistical differences, and further subgroup analysis was 
conducted to investigate the potential heterogeneity among 
different groups, as shown in the Tables S1-S5. 

Table 2 The major imaging findings of pulmonary nodular 
lymphoid hyperplasia

Variables CT (N=63) Radiograph (N=4)

Shape

Mass 10 (15.9) 3 (75.0)

Nodular 51 (81.0) 1 (25.0)

Irregular 2 (3.2) 0 (0)

Density

CT value −100 (−650 to 98) –

Margin

Clear 22 (34.9) 1 (25.0)

Vague 26 (41.3) 1 (25.0)

Not noted 15 (23.8) 2 (50.0)

Enhancement 12/21 (57.1) –

Others

Lobulation 5 (7.9)

Spiculation 12 (19.0)

Vessel convergence 2 (3.2)

Pleural indentation 3 (4.8)

Cavity 4 (6.3)

Lymphadenectasis 14 (22.2) –

Hilar 2 (3.2)

Mediastinal 10 (15.9)

Both 2 (3.2)

Misdiagnosis as cancer 15 (23.8) 0 (0)

Values are median (range), or n (%).
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Follow-up 

Follow-up information was successfully obtained from 50 
of 67 patients with median follow-up time of 43 months 
(range: 6 to 129 months). All patients were alive except one 
who died of accident after lobectomy, and there was no 
documented recurrence being observed in any cases during 
the follow-up period.

Discussion

The understanding of PNLH was limited. So far, the 
study on PNLH with the largest sample size was reported 

by Bois et al. (14), which enrolled 26 patients. Bois et al. 
primarily focused on the differences between PNLH and 
immunoglobulin (Ig) G4–related lung disease (IgG4-RLD) 
in terms of serum IgG4 level and IgG4+/IgG+ ratio, yet did 
not specifically discuss the clinical features and treatment 
of PNLH in detail. In 2000, Abbondanzo et al. presented 
14 cases, indicating that PNLH showed several constant 
histological features which included exuberant, reactive 
germinal centers, interfollicular mature plasma cells (often 
in sheets) and small reactive lymphocytes, and varying 
amounts of interfollicular fibrosis (3), but the imaging 
manifestations and the choice of surgical approaches were 
still poorly understood.

Figure 1 Radiological examples (arrow) of patients with PNLH who were firstly considered as pulmonary adenocarcinoma. (A) A 65-year-
old woman who had a 1.9 cm subsolid nodule in the right lower lobe; (B) a 43-year-old man who had a 0.8 cm ground-glass nodule in the 
right lower lobe; (C) a 69-year-old woman who had a 1.0 cm solid nodule in the left lower lobe; (D) a 60-year-old woman who had a 1.3 cm 
solid nodule in the right lower lobe.

B

C D

A



Fang et al. Pulmonary nodular lymphoid hyperplasia

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2019;7(3):43atm.amegroups.com

Page 6 of 12

Table 3 Baseline characteristics, perioperative data and follow-up of patients who underwent lobectomy and sublobar resection

Variables Lobectomy (N=24) Sublobar resection (N=43) P value

Male gender 16 (66.7) 19 (44.2) 0.077

Age (year) 57 [40–72] 57 [25–72] 0.869

Smoking 9 (37.5) 12 (27.9) 0.417

Drinking 6 (25.0) 6 (14.0) 0.258

BMI 23 [19–29] 24 [18–32] 0.614

FEV1 predicted (%) 84 [44–113] 84 [44–122] 0.645

Hypertension 3 (12.5) 12 (27.9) 0.147

Diabetes 0 (0) 3 (7.0) 0.548

Hepatitis B 2 (8.3) 5 (11.6) 0.995

Sjogren’s syndrome 0 (0) 1 (2.3) 1

VATS 8 (33.3) 38 (88.4) <0.001

Lymphadenectomy 12 (50.0) 7 (16.3) 0.003

Frozen section examination 0.085

Lymphoid hyperplasia 17 (70.8) 39 (90.7)

Inflammatory disease 5 (21.8) 2 (4.7)

Benign disease 2 (8.3) 2 (4.7)

Operation time (minutes) 149 [50–300] 77 [36–200] <0.001

Blood loss (mL) 100 [20–500] 20 [5–300] 0.001

Chest drainage (mL) 820 [190–2,990] 430 [60–1,780] 0.007

Duration of chest drainage (days) 4 [2–9] 2 [1–12] 0.001

Postoperative hospital-stay (days) 7 [4–12] 5 [3–13] 0.001

Complications 4 (16.7) 3 (7.0) 0.408

Encapsulated pleural effusion 3 (12.5) 0 (0)

Infected incision 1 (4.2) 0 (0)

Pneumonia 0 (0) 1 (2.3)

Atrial fibrillation 0 (0) 1 (2.3)

Chylothorax 0 (0) 1 (2.3)

Mortality within 30 days 0 (0) 0 (0) –

Recurrence 0 (0) 0 (0) –

Values are N (percentage) or median [range]. BMI, body mass index; FEV1, forced expiratory volume in 1 second; VATS, video-assisted 
thoracic surgery.
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In the current study, we collected more patients with 
PNLH than all the previous studies. We explored the major 
clinical characteristics of patients and provided the single-
center experience on the treatment of PNLH. The patients’ 
characteristics were similar to those described by previous 
studies (3,15). No gender difference was found in PNLH 
patients and most of them were middle-aged and elderly. 
There was one patient with Sjogren’s syndrome in our 
study and it was also reported that PNLH had the potential 
to share characteristics with such autoimmune diseases as 
Sjögren’s syndrome (16-18). However, the evidence was 
inadequate to prove the correlation between PNLH and 
autoimmune diseases.

The diagnosis of PNLH is difficult preoperatively 
a n d  m a i n l y  r e l i e s  o n  p a t h o l o g i c a l  a n d  e v e n 
immunohistochemical examinations postoperatively. In our 
study, more than half of the patients were asymptomatic and 
few presented with nonspecific symptoms such as cough 
and hemoptysis. The lesions were usually detected initially 
through chest radiographs or CT scans. However, the 
imaging findings of PNLH, including PET-CT, were very 
similar to those of malignant tumors (7,8,19), and even the 
aspiration biopsy might also be unhelpful (4,8,13). Thus, 
PNLH is a benign disease with malignant mask. Based on 
our single-center experience, the radiological manifestations 
of PNLH commonly presented with a solitary solid 
or subsolid nodule and occasionally with lobulation, 
spiculation, vessel convergence, pleural indentation and 
mediastinal or hilar lymphonode involvement. Due to 
these signs of malignancy, 15 of 67 patients with PNLH 
in our center were firstly considered as lung cancer. Other 
auxiliary examinations such as blood examination also 
seemed unhelpful. In this study, hematological index such 
as white blood cell count, lymphocyte count, lymphocyte 
percentage and serum tumor markers were normal in 
most of the patients by referring to current normal range. 
Novel hematological indexes are needed to help distinguish 
PNLH from other diseases, and more innovative clinical 
studies focusing on this issue are required in the future. 
Some researchers reported that IgG4-positive plasma 
cells and the IgG4/IgG ratio were significantly increased 
in PNLH (5,20), but others suggested that PNLH did 
not show any convincing clinical features of IgG4 related 
disease or elevated serum IgG4 level (14). 

By contrast, surgical resection is not only the diagnostic 
but also curative approach. Although some studies suggested 
the possibility of spontaneous regression of the remaining 
lesions with a lesion of PNLH resected (4,9), no evidence 

suggested that PNLH can regress without operation. The 
surgical approaches of PNLH included lobectomy and 
sublobar resection, but there was no reported study about 
the superiority of these two methods. In this study, we 
firstly compared perioperative data between lobectomy 
and sublobar resection groups. Sublobar resection showed 
significant advantages on operation time, blood loss, 
volume and duration of chest drainage after surgery and 
postoperative hospital stay. There also was statistical 
difference in the rate of VATS and lymphadenectomy. In 
theory, lymphadenectomy is not necessary in benign lesions. 
In our center, the rate of diagnostic accuracy of frozen 
section is very high and even more than 98%, especially in 
the benign lesions. In this study, all lesions were diagnosed 
by intraoperative frozen section examination as lymphoid 
hyperplasia, inflammatory disease or benign disease, so the 
diagnosis of frozen section is a fairly reliable indication to not 
performing lymphadenectomy. However, 19 patients were 
performed lymphadenectomy due to similar manifestations 
to lung cancer and lymphadenectasis on radiological exam. 
Although the relatively small sample size limited further 
statistical analysis to prove the safety and efficacy of sublobar 
resection more rigorously, sublobar resection in VATS was 
suitable to treat PNLH due to its advantages of ERAS and 
preferable long-term outcome. During our follow-up time, 
no disease related death and recurrence occurred.

Compared with lobectomy, sublobar resection is an 
alternative approach for the treatment of PNLH, which 
confers perioperative advantages and similar long-term 
prognosis. The diagnosis before the operation is still 
challenging which requires more clinical researches in the 
future and PNLH should be taken into consideration in the 
differential diagnosis of lung nodules.
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