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Abstract. – OBJECTIVE: Monocyte count 
and red cell distribution width (RDW) have 
shown prognostic potential in patients with fi-
brotic lung diseases. Their kinetics and prog-
nostic usefulness of peripheral blood indices 
in patients with interstitial lung diseases (ILDs) 
undergoing surgical lung biopsy for diagnostic 
reasons have not been studied. 

PATIENTS AND METHODS: We retrospec-
tively included consecutive patients with ILD 
who underwent surgical lung biopsy for di-
agnostic purposes Between 07/11/2019 and 
11/10/2022.

RESULTS: Fifty-five (n=55) patients were in-
cluded in the study. Median age was 65.0 years 
(95% CI: 63.0 to 66.0). Postoperative peripheral 
blood monocyte count on Day 1 was significant-
ly higher compared to preoperative, periopera-
tive, and postoperative values on Day 90 (repeat-
ed measures ANOVA, p<0.0001). Patients in the 
high postoperative monocyte count group had 
significantly increased length of postoperative 
hospital stay [Mann-Whitney test, p=0.007] and 
significantly lower Forced Vital Capacity (FVC)% 

predicted 3 months after surgery [Mann-Whitney 
test, p=0.029] compared to patients in the low 
postoperative monocyte count group. Postopera-
tive RDW on Day 90 was significantly higher com-
pared to preoperative, perioperative and postop-
erative-Day 1 RDW (repeated measures ANOVA, 
p=0.008, p=0.006, p<0.0001, respectively). Pa-
tients in the high postoperative RDW group did 
not have increased hospital stay (Mann-Whitney 
test, p=0.49) or decreased FVC% predicted at 3 
months compared to patients in the low postop-
erative RDW group (Mann-Whitney test, p=0.91).   

CONCLUSIONS: Peripheral blood monocyte 
count could be a prognostic biomarker for pa-
tients with ILDs undergoing diagnostic surgical 
lung biopsies. RDW does not seem to represent 
an acute phase biomarker but seems to increase 
over time following disease progression. Larger 
studies are urgently required.
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Elevated peripheral blood monocyte count 
is associated with prolonged postoperative 
hospitalization and functional decline in patients 
with interstitial lung diseases undergoing 
surgical lung biopsy
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Introduction

Interstitial lung diseases (ILDs) represent a 
heterogeneous group of lung disorders charac-
terized by a varying degree of inflammation and 
fibrosis of the pulmonary parenchyma1. A classifi-
cation suggested by the recent American Thoracic 
Society, European Respiratory Society, Japanese 
Respiratory Society, and Asociación Latinoamer-
icana de Tórax (ATS/ERS/JRS/ALAT) guidelines 
is the following: 1) exposure-related ILDs such as 
hypersensitivity pneumonitis and drug-induced 
ILDs, 2) autoimmune-ILDs such as rheumatoid 
arthritis-ILD and systemic sclerosis associat-
ed-ILD, 3) idiopathic interstitial pneumonias such 
as Idiopathic Pulmonary Fibrosis (IPF), 4) sar-
coidosis and 5) ILDs with cysts and/or airspace 
filling such as pulmonary alveolar proteinosis 
and pulmonary Langerhans Cell Histiocytosis2,3. 
The disease course of the aforementioned entities 
is highly heterogeneous and could vary from to-
tally reversible disease to progressive pulmonary 
fibrosis. Timely diagnosis is crucial, considering 
that timely management might lead to remission 
or substantially slow disease progression4,5. 

Despite their heterogeneous background, ILDs 
share common clinical and radiographic features; 
thus, establishing a definite and timely diagnosis 
is challenging6. A working diagnosis is often set 
even in reference centers following multidisci-
plinary discussion7. Based on that, although the 
role of histology is limited compared to the past, 
obtaining lung tissue for diagnostic purposes is 
still needed in a proportion of cases. However, 
procedure-related mortality of Video Assisted 
Thoracic Surgery (VATS) in patients with ILDs 
is not negligible8,9. If VATS is implemented on 
a non-elective basis in ILDs, mortality might be 
even up to 16%. This percentage is substantial-
ly higher compared to the respective percentage 
(1.7%) observed following an elective strategy10,11.

Biomarkers able to predict negative outcomes 
in patients with ILDs who are candidates for sur-
gical lung biopsy could pave the way towards 
further reduction of adverse outcomes. We have 
previously shown that increased monocyte count 
and red cell distribution width (RDW) are neg-
ative prognostic markers in patients with IPF12. 
Increased peripheral blood monocyte count was 
linked to a higher risk of disease progression, 
hospitalization, and mortality in multiple IPF co-
horts12-15. The prognostic role of peripheral blood 
monocyte count has been recently extended to 
other fibrotic ILDs16. Increased RDW has been 

suggested as a negative prognostic indicator in 
multiple lung diseases17,18. 

Thus, the concept of investigating the kinetics 
and prognostic potential of these two biomark-
ers in patients with ILDs undergoing diagnostic 
surgical lung biopsy seems rational. The aim of 
our study was to investigate changes in peripheral 
blood monocyte count and RDW during the pre/
postoperative period and determine if increased 
values could have a prognostic value in patients 
with ILDs undergoing surgical lung biopsies for 
diagnostic purposes.

Patients and Methods

Study Design and Oversight
This was an observational, retrospective study. 

We included consecutive patients with interstitial 
lung disease (ILD) who underwent surgical lung 
biopsy for diagnostic purposes following a mul-
tidisciplinary discussion of clinical, serologic, 
radiologic, and functional data between Novem-
ber 7, 2019, and October 11, 2022. Diagnosis of 
ILD was based on ATS/ERS/JRS/ALAT Clin-
ical Practice Guidelines19-22. Patients were treat-
ment-naïve in the context of ILD management. 
Patients with malignancies were excluded from 
this study. Epidemiological data were derived 
from two independent cohorts (General Hospi-
tal for Thoracic Diseases “SOTIRIA” Athens 
and Department of Thoracic Surgery, Universi-
ty Hospital of Patras). The study was performed 
in accordance with the Declaration of Helsinki, 
the International Conference on Harmonisation 
E6 guidelines for Good Clinical Practice, and 
local regulations. Retrospective data collection 
and analysis were approved by the Institutional 
Review Board and the Local Ethics Committee 
(protocol number: 23322/24-11-16, 27448/22-11-
19). Written informed consent was obtained from 
each patient before the surgical procedure.

For each patient, we recorded demographics, 
including age, gender, functional indices preop-
erative and postoperative (Day 90), peripheral 
blood monocyte count and RDW at 4 different 
time points (preoperative, perioperative, postop-
erative Day 1, postoperative Day 90), length of 
hospital stay, and histologic diagnosis. 

Surgical Lung Biopsy
The protocol followed for surgical lung biopsy 

was either the protocol of open lung biopsy or the pro-
tocol of VATS. Both protocols are described below: 
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Open lung biopsy
This surgical approach is performed under 

general anesthesia. Initially, a small anterior 
limited thoracotomy is performed typically in 
the fourth or fifth interspace. The muscle lay-
ers are prepared, and subsequently, the ribs are 
carefully separated in order to gain access to the 
thoracic cavity. Previously, the biopsy was con-
ducted using a running catgut suture technique 
in two rows. However, with the advancement 
of stapling devices, this procedure has become 
faster and safer for patients. In cases where the 
placement of a gastrointestinal anastomosis sta-
pler is not feasible, alternative devices such as 
transverse anastomosis (TA)-30 or TA-55 can be 
used. Almost all lung surgeries utilize one-lung 
ventilation anesthesia (OLV) with the insertion 
and monitoring of double-lumen tubes (DLTs), 
which is the standard method used to ventilate 
one lung and collapse the other. OLV typically 
improves the entrance to the thoracic cavity and 
greatly enhances the quality of the intervention 
procedure itself. After the surgery, the chest 
wound is closed in layers, and a drainage tube 
is inserted into the thoracic cavity. After extuba-
tion, which is usually performed in the operating 
room, the patient is moved to the recovery room 
for monitoring of vital signs during the first peri-
od after anesthesia. The patient typically spends 
twenty minutes to half an hour in the recovery 
room before being transferred to the department. 
However, if the patient has multiple comorbidi-
ties, they may need to stay in the intensive care 
unit for at least 1 day.

VATS
This minimally invasive procedure involves 

a thoracoscope, a thin tube with a camera, to 
visualize the lung. Multiple small incisions are 
made to introduce surgical instruments and the 
thoracoscope, thus allowing a more precise and 
less invasive approach compared to open lung 
biopsy. A variation of VATS, denominated Uni-
portal VATS, refers to a surgical procedure done 
through a single small incision in order to further 
reduce trauma and scarring. Both VATS and Uni-
portal VATS are presented below.

VATS became the preferred surgical meth-
od in case surgical lung biopsy is needed for 
the general population, including patients with 
ILDs. VATS can be performed under general 
anesthesia, thoracic epidural anesthesia, or in-
tercostal block. Similarly to the aforementioned, 
VATS is typically performed through OLV with 

the placement and monitoring of DLTS. This is 
a standard method with which we achieve ven-
tilating one lung and collapsing the other. OLV 
in VATS improves the entrance to the thoracic 
cavity and greatly enhances the quality of the 
intervention procedure. Typically, three trocars 
are strategically placed in an equilateral trian-
gle configuration, with the lesion located at the 
apex. The first port is used for the thoracoscope 
and is positioned at the 7th intercostal space in 
the mid-axillary line. A working window of ap-
proximately 3-4 cm is created at the 5th-6th inter-
costal space in the mid-clavicular line. Finally, 
the last port is created at the 6th-7th intercostal 
space in the post-scapular area. Based on that, 
VATS provides a comprehensive view of the 
chest cavity, allowing for a thorough examina-
tion. This minimally invasive surgical technique 
offers several advantages, i.e., enhanced safety, 
reduced patient discomfort, shorter hospital 
stays, and comparable diagnostic efficacy to 
the traditional open method. After extubation, 
which is typically performed in the operating 
room, the patient is transferred to the recovery 
room for monitoring of vital signs during the 
first period after anesthesia. Usually, the patient 
stays in the recovery room for twenty minutes 
to half an hour and then is transferred to the de-
partment unless the patient has multiple comor-
bidities and thus remains in the intensive care 
unit for at least 1 day23.

Uniportal VATS
Uniportal video-assisted thoracic surgery of-

fers an alternative approach for lung biopsy, uti-
lizing a single port incision measuring approxi-
mately 2-2.5 cm in length. The patient is typically 
positioned in lateral decubitus during the proce-
dure. Although the exact placement of the port 
may vary, most surgeries involve a small incision 
in the 5th intercostal space along the mid-axil-
lary line. Similar to standard VATS, Uniportal 
VATS involves the introduction of a lung grasper, 
an endostapler, and a video-thoracoscope with a 
5 mm 30-degree optical source into the thorac-
ic cavity. However, Uniportal VATS achieves an 
even higher level of minimally invasive access 
by utilizing only one intercostal space. The Un-
iportal VATS technique has shown multiple ben-
efits, including reduced postoperative pain and 
faster recovery compared to the traditional VATS 
technique. These advantages contribute to the 
increasing utilization of Uniportal VATS in con-
temporary medical practice23.
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Outcome Measures
Outcome measures included: 1) differences 

in pre/postoperative peripheral blood monocyte 
count and RDW, 2) differences in peripheral blood 
monocyte count and RDW in patients undergoing 
Video Assisted Thoracic Surgery (VATS) and 
open thoracotomy, 3) associations of postopera-
tive peripheral blood monocyte count, RDW with 
length of hospitalization and functional indices 
including FVC% predicted, and 4) the histologic 
diagnoses yielded.

Statistical Analysis 
Continuous data were reported as mean± 

standard deviation (SD) or medians [95% Con-
fidence Interval (CI)] depending on the presence 
or absence of normality following the Kolmog-
orov-Smirnov test. ANOVA repeated measures 
were used to investigate differences in monocyte 
count at the 4 different time points. An indepen-
dent samples t-test or Mann-Whitney test was 
performed for the rest of the outcome measures 
based on the presence or absence of normality. In 
particular, patients were divided into subgroups 
based on the median value of monocyte count 
and RDW (high and low groups). Mann-Whitney 
test or independent samples t-test was applied to 
assess differences in Forced Vital Capacity % 
predicted (FVC% pred) and postoperative hospi-
talization between subgroups of patients split by 
the median value of complete blood count (CBC) 
parameter. p-values <0.05 were considered signif-
icant. The MedCalc v. 22.021 software (Tampa, 
FL, USA) was used.

Results

Baseline Characteristics
Fifty-five (n=55) patients were included 

in the study. Most patients were males (n=43, 
78.2%), while 12 patients were females (21.8%). 
Median age was 65.0 years (95% CI: 63.0 to 
66.0). Baseline characteristics are summarized 
in Table I. Median FVC% predicted and FEV1% 
predicted were 70.9 (95% CI: 66.0 to 76.7) and 
75.6 (95% CI: 71.9 to 85.7), respectively. The 
mean preoperative monocyte count±SD was 
0.59±0.24 K/μL. Mean preoperative RDW±SD 
was 13.04±1.89 (%).

Forty patients (n=40, 72.7%) underwent VATS, 
while fifteen patients (n=15, 27.3%) underwent 
open thoracotomy. The most common histo-
logic pattern was usual interstitial pneumonia 
(UIP) (n=27, 49.1%), while the second most 
common was organizing pneumonia (n=18, 
32.7%). Four patients were diagnosed with 
hypersensitivity pneumonitis (7.3%), 2 pa-
tients with lymphocytic interstitial pneumonia 
(3.6%), while 1 patient (1.8%) was diagnosed 
with each of the following diagnoses: lym-
phocytic interstitial pneumonia, non-specific 
interstitial pneumonia, pleuroparenchymal fi-
broelastosis, respiratory bronchiolitis-associ-
ated interstitial lung disease.

Table I presents the frequency of each histo-
logic pattern. Overall, the median postoperative 
length of hospitalization was 2.0 days (95% CI: 
2.0 to 2.24). Regarding adverse events, air leak 
was identified in 4 patients (7.3%).

Table I. Baseline characteristics.

FVC: forced vital capacity, FEV1: forced expiratory volume in 1 second.

Characteristics	 (N, %)

Total number of patients	 55
Male/Female	 43 (78.2%) /12 (21.8%)
Current/Ever/ Never smokers	 6 (10.9%)/37 (67.3%)/12 (21.8%)
Age (median, 95% CI)	 65.0 (95% CI: 63.0 to 66.0)
FVC% predicted	 70.9 (66.0 to 76.7)
FEV1% predicted	 75.6 (71.9 to 85.7)
Usual Interstitial Pneumonia	 27 (49.1%)
Organizing pneumonia	 18 (32.7%)
Hypersensitivity pneumonitis	 4 (7.3%)
Lymphocytic interstitial pneumonia	 2 (3.6%)
Lymphangioleiomyomatosis	 1 (1.8%)
Non-specific interstitial pneumonia	 1 (1.8%)
Pleuroparenchymal fibroelastosis	 1 (1.8%)
Respiratory bronchiolitis-associated interstitial lung disease	 1 (1.8%)
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Monocyte Count Increases Following 
Thoracic Surgery

Postoperative monocyte count on Day 1 was 
significantly higher compared to preoperative, 
perioperative and postoperative values on Day 90 
(repeated measures ANOVA, mean ± standard er-

ror: preoperative monocyte count: 0.59±0.03 K/
μL, perioperative monocyte count: 0.52±0.04 K/
μL, postoperative Day 1: 0.90±0.05 K/μL, post-
operative Day 90: 0.61±0.02 K/μL, p<0.0001), 
(Figure 1A). Postoperative change in monocyte 
count was significantly higher in patients who 

Figure 1. Plot derived from the comparison of monocyte counts in four different time points through repeated measures 
ANOVA. Postoperative monocyte count on Day 1 was significantly higher compared to preoperative, perioperative and post-
operative values on Day 90 (Repeated measures ANOVA, mean ± standard error: preoperative monocyte count: 0.59±0.03 K/
μL, perioperative monocyte count: 0.52±0.04 K/μL, postoperative Day 1: 0.90±0.05 K/μL, postoperative Day 90: 0.61±0.02 K/
μL, p<0.0001) (A). Data comparison graph between patients that underwent open surgery and VATS with regards to change in 
monocyte count. Postoperative change in monocyte count was significantly higher in patients who underwent open thoracoto-
my compared to patients who underwent VATS (Independent samples t-test, open thoracotomy: 0.45±0.55, VATS: 0.26±0.32, 
p=0.008) (B). *: Significant p-values.
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underwent open thoracotomy compared to pa-
tients who underwent VATS (Independent sam-
ples t-test, open thoracotomy: 0.45±0.55, VATS: 
0.26±0.32, p=0.008), (Figure 1B). Multiple re-
gression showed that parameters including age, 
diagnosis, smoking status, neutrophil count, and 
CRP were not independently associated with 
postoperative monocyte count (Table II).

Increased Postoperative Peripheral 
Blood Monocyte Count Predicts Length 
of Hospitalization and Functional 
Decline

Patients in the high postoperative monocyte 
count group had significantly increased length 
of postoperative hospitalization compared to pa-
tients in the low postoperative monocyte count 
group [Mann-Whitney test, high monocyte count: 
3.0 days (95% CI: 2.0 to 3.0), low monocyte count: 
2.0 days (95% CI: 2.0 to 2.0), p=0.007], (Figure 
2A). Multiple regression analysis showed that 
postoperative monocyte count was independently 
associated with postoperative hospitalization days 
(p=0.0228) (Table III). Patients in the high post-
operative monocyte count group had significantly 
lower FVC% predicted 3 months postoperatively 
than patients in the low postoperative monocyte 
count group [Mann-Whitney test, high monocyte 
count: 75.0 (95% CI: 63.9 to 82.1), low monocyte 
count: 84.0 (95% CI: 76.4 to 97.0), p=0.029] (Fig-
ure 2B). Multiple regression analysis showed that 
postoperative monocyte count was independently 
associated with post-3 months FVC% predicted 
(p=0.0114) (Table IV).

RDW Increases During Disease Course 
Postoperative RDW on Day 90 was significant-

ly higher compared to preoperative, perioperative, 
and postoperative-Day 1 RDW [repeated measures 
ANOVA, mean ± standard error: postoperative 
RDW on Day 90: 14.04±0.31, vs. preoperative RDW: 

13.04±0.25 (p=0.008), vs. perioperative: 12.78±0.28 
(p=0.006), post-operative-Day 1: 12.61±0.25 
(p<0.0001)] (Figure 3A). Postoperative change in 
RDW was significantly higher in patients under-
going open surgery compared to VATS (0.05, 95% 
CI: -0.33 to 0.30, vs. -0.27, 95% CI: -0.99 to -0.12, 
p=0.04), (Figure 3B). Patients in the high postopera-
tive RDW group did not have increased hospital stay 
(Mann-Whitney test: 2.0 days, 95% CI: 2.0 to 2.0, 
vs. 2.0 days, 95% CI: 2.0 to 2.6, p=0.49) or decreased 
FVC% predicted at 3 months compared to patients 
in the low postoperative RDW group (Mann-Whit-
ney test: 76.9, 95% CI: 64.0 to 95.1, vs. 81.4, 95% CI: 
72.0 to 87.0, p=0.91).

Discussion

To the best of our knowledge, this is the first 
study showing that peripheral blood monocyte 
count increased following thoracic surgery, and 
high postoperative monocyte count is a negative 
prognostic indicator for patients with ILDs un-
dergoing thoracic surgery for diagnostic purpos-
es. Our data supports already published literature 
showing strong associations between surgical 
interventions24,25 and ILD acute exacerbations as 
well as elevated peripheral blood monocytes with 
worse clinical outcomes12,14.

In particular, we showed that postoperative 
monocyte count significantly increased compared 
to pre- and perioperative values. Importantly, we 
showed that values decreased again, as indicated 
by postoperative monocyte count on Day 90. The 
concept that monocyte count increases following 
lung tissue manipulation is further corroborated 
by the fact that postoperative monocyte count 
was significantly increased in patients undergo-
ing open thoracotomy compared to patients who 
underwent VATS. On the contrary, RDW values 
increase over time as the disease progresses, and 

CRP: C-reactive protein.

Table II. Multiple regression analysis for multiple predictors and postoperative monocyte count.

	                                     Postoperative monocyte count
	
Parameter	 Coefficient	 Std error	 p-value

Age	 0.003542	 0.005469	 0.5203	
Diagnosis	 0.01000	 0.07275	 0.8912
Smoking	 0.07546	 0.1168	 0.5213
CRP	 2.2233	 11,023,810.0591	 1.0000
Neutrophil count preoperative	 0.01312	 0.02586	 0.6142
Neutrophil count postoperative	 -0.007258	 0.01464	 0.6222



Monocyte count in patients with interstitial lung diseases undergoing surgical lung biopsy

3689

thus, RDW seems to be a biomarker of chronic ill-
ness and/or chronic hypoxia rather than an acute 
phase biomarker. Overall, postoperative mono-
cyte count predicted the length of hospital stay 

and functional status of 3 months following tho-
racic surgery. The aforementioned highlights and 
extends the prognostic role of peripheral blood 
monocyte count in patients with ILDs.

Figure 2. Data comparison graph between patients in the high and low postoperative monocyte count group with regards to 
the length of postoperative hospital stay. Patients in the high postoperative monocyte count group had significantly increased 
length of postoperative hospitalization compared to patients in the low postoperative monocyte count group [Mann-Whitney 
test, high monocyte count: 3.0 days (95% CI: 2.0 to 3.0), low monocyte count: 2.0 days (95% CI: 2.0 to 2.0), p=0.007], (A). 
Data comparison graph between patients in the high and low postoperative monocyte count group with regards to FVC% 
predicted 3 months following surgery. Patients in the high postoperative monocyte count group had significantly lower FVC% 
predicted 3 months postoperatively compared to patients in the low postoperative monocyte count group [Mann-Whitney test, 
high monocyte count: 75.0 (95% CI: 63.9 to 82.1), low monocyte count: 84.0 (95% CI: 76.4 to 97.0), p=0.029] (B). *: Significant 
p-values.
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The prognostic value of monocyte count with 
regard to mortality in IPF has been established 
in several studies12,13,26-28. A large, retrospective 
study including 7,459 patients with IPF demon-
strated that patients with monocyte count ≥0.95 
K/μL had higher all-cause mortality compared 
to patients with monocyte count <0.95 K/μL13. 
Pooled analysis of patients with IPF enrolled in 
pirfenidone trials (n=2,067) demonstrated in-
creased 1-year risk of disease progression, all-
cause hospitalization, all-cause mortality for pa-
tients with IPF and monocyte count above 0.95 K/
μL or between 0.60-0.95 K/μL14. The same cut-
off thresholds predicted mortality in the real-life 
study of 489 patients conducted in Greece and 
Germany12. The aforementioned are in line with 
the results of this study and provide a logical ex-
planation for our findings.

Our findings could hopefully fuel larger stud-
ies and establish the role of peripheral blood 
monocyte count in patients with ILDs undergo-
ing surgical lung biopsy. To this end, a clinically 
applicable biomarker for this group is an unmet 
need29. Aggregate risk scores based on clinical pa-

rameters or independent clinical parameters have 
been suggested9,30-33. However, risk stratification 
does not differ considerably compared to the gen-
eral population34. Limitation of the likelihood of 
adverse events is not based on risk stratification 
but on specific precautions such as low-tidal vol-
ume ventilation, perioperative avoidance of high 
fraction of inspired oxygen (FiO2), avoidance of 
fluid overload intake, avoidance of open surgeries, 
reduced duration of one-lung ventilation and min-
imal tissue manipulation25,35-38. Implementation of 
monocyte count in the risk stratification of these 
patients may further minimize adverse outcomes 
or highlight the need for meticulous evaluation of 
specific patients undergoing surgical lung biopsy.

The expanding prognostic role of monocytes 
in interstitial lung diseases couples with recent 
high-quality experimental evidence. Cellular de-
convolution of the validated 52-gene signature 
in the peripheral blood that predicts mortality in 
IPF showed that the 7 upregulated genes (PLBD1, 
TPST1, MCEMP1, IL1R2, HP, FLT3, S100A12) are 
expressed in monocytes13,39. Emerging evidence 
shows that the role of monocytes is not restricted to 

CRP: C-reactive protein.

Table III. Multiple regression analysis for multiple predictors and postoperative hospitalization days.

	                                     Postoperative hospitalization days 
	
Parameter	 Coefficient	 Std error	 p-value

Age	 0.0004767	 0.01168	 0.9676
Diagnosis	 0.03188	 0.1548	 0.8377
Smoking	 -0.09976	 0.2495	 0.6911
Monocyte count postoperative	 0.7225	 0.3070	 0.0228
CRP	 -3.3793	 24,937,145.2622	 1.0000
Neutrophil count preoperative	 0.005097	 0.05516	 0.9268
Neutrophil count postoperative	 -0.01388	 0.03121	 0.6586

CRP: C-reactive protein, FVC: forced vital capacity.

Table IV. Multiple regression analysis for multiple predictors and FVC% predict.

	                                     FVC% predicted (3 months post surgery)
	
Parameter	 Coefficient	 Std error	 p-value

Age	 0.5041	 0.2795	 0.0777
Diagnosis	 5.1310	 3.7023	 0.1723
Smoking	 -2.6737	 5.9682	 0.6562
Monocyte count postoperative	 -19.3300	 7.3444	 0.0114
CRP	 229.0109	 596,512,908.7524	 1.0000
Neutrophil count preoperative	 -1.6725	 1.3196	 0.2112
Neutrophil count postoperative	 -2.1073	 0.7466	 0.0070
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prognosis. Monocytes seem to have a cardinal role 
in the pathogenesis of pulmonary fibrosis, as they 
seem to migrate from the bone marrow to the in-
jured lung (possibly even if the injury of the tissue 

is associated with a thoracic surgery) and subse-
quently differentiate into pro-fibrotic macrophages 
and maybe into fibroblasts40-47. Several recent 
translational and experimental studies have shown 

Figure 3. Plot derived from the comparison of RDW in four different time points through repeated measures ANOVA. 
Postoperative RDW on Day 90 was significantly higher compared to preoperative, perioperative and postoperative-Day 1 
RDW [Repeated measures ANOVA, mean ± standard error: postoperative RDW on Day 90: 14.04±0.31, vs. preoperative 
RDW: 13.04±0.25 (p=0.008), vs. perioperative: 12.78±0.28 (p=0.006), post-operative-Day 1: 12.61±0.25 (p<0.0001)] (A). Data 
comparison graph between patients that underwent open surgery and VATS with regards to change in RDW. Postoperative 
change in RDW was significantly higher in patients undergoing open surgery compared to VATS (0.05, 95% CI: -0.33 to 0.30, 
vs. -0.27, 95% CI: -0.99 to -0.12, p=0.04) (B). *: significant p-values; ** and *** significant p-values for different comparisons.



T. Karampitsakos, T. Milas, P. Tsiri, M. Katsaras, E. Koletsis, et al

3692

the derivation of different populations of alveolar 
macrophages and circulating fibrocytes from the 
monocyte cell lineage43,44,48,49. For example, ex-
travasating CD14+ monocytes could be a source of 
interstitial and alveolar macrophages. In contrast, 
non-classical CD14lo CD16+  monocytes seem to 
be mainly confined to the pulmonary vascula-
ture and typically give rise to another population, 
named pulmonary intravascular macrophages50. 
Monocyte-derived lung macrophages, as well as 
lung resident alveolar macrophages, seem to be 
the macrophages that are most tied to the patho-
genesis of pulmonary fibrosis. Moreover, sin-
gle-cell RNA sequencing analysis showed a novel 
subset of macrophages, CX3CR1+SiglecF+, which 
seems to have a cardinal role for the fibrogenesis 
following injurious stimuli51. Recent data52 have 
demonstrated that compartmental fractalkine im-
balance had a role in the migration of CX3CR1+ 
monocytes into scar tissue. Finally, a cytokine 
produced by monocytes and macrophages, C-C 
motif chemokine ligand 18, has been proposed as 
a blood biomarker able to predict outcomes in pa-
tients with IPF53. 

Contrary to peripheral blood monocyte count, 
our results for RDW do not support its use as an 
acute phase biomarker and specifically as a prog-
nostic biomarker for patients with ILDs under-
going surgical lung biopsy. Besides, the fact that 
increased RDW has been reported as a negative 
prognostic biomarker in multiple lung diseases, 
including IPF12,27, COPD18,54, and COVID-1917,55,56 
suggests that it might not be mechanistically linked 
with the aberrant wound healing of pulmonary fi-
brosis, but it rather represents a marker of gener-
al illness and/or tissue hypoxia18. Its slow change 
over time and association with hypoxia could be 
supported by current pathophysiologic evidence. 
First, the life cycle of red blood cells typically rang-
es between 100-120 days. This could explain the 
substantial time needed for profound changes in 
RDW values57. Secondly, erythropoietin represents 
one of the major determinants of RDW, as it regu-
lates both the maturation and survival of erythro-
cytes58. Decreased partial pressure of oxygen leads 
to erythropoietin secretion by the renal cortex into 
circulation58. Given that disease progression in 
these patients is associated with worsened oxygen-
ation, the aforementioned could be an explanation 
for the fact that RDW increased over time in the 
non-acute setting after surgery in our cohort. How-
ever, this hypothesis remains to be addressed in fu-
ture studies, as the assumption that RDW increases 
over time following disease progression cannot be 

totally justified with these results, given that nu-
merous conditions can influence RDW. 

Our study has some limitations. First, this 
study presents the inherent weaknesses of a retro-
spective study. Secondly, the sample size is mod-
erate, and due to power, we could not do other sub-
groups analysis, i.e., in UIP and non-UIP patients; 
yet the sample size is acceptable for this rare pop-
ulation of patients with ILDs in need of surgical 
lung biopsy for diagnostic purposes, especially 
within the era of a multi-disciplinary approach. 
Larger studies could provide further insights for 
specific subgroups of patients. Importantly, larg-
er studies could provide fruitful insights into 
the prognostic role of specific subsets of mono-
cytes such as CD14+HLA-DRhiCD163-, CD14+H-
LA-DRlowCD163-, CD14+HLA-DRlowCD163+ or 
MCEMP1+ monocytes through single-cell RNA 
seq or flow cytometry towards a precision med-
icine approach59.

Conclusions

This is the first study demonstrating that pe-
ripheral blood monocyte count increased fol-
lowing thoracic surgery in patients with ILDs 
while values decreased again over time. High 
postoperative monocyte count was associated 
with worse post-operative clinical and function-
al outcomes. On the contrary, RDW did not seem 
to be a reliable biomarker for patients undergo-
ing thoracic surgery, while its values increased 
over time. High postoperative monocyte count 
could be a negative prognostic indicator for pa-
tients with ILDs undergoing thoracic surgeries 
and highlight the need for meticulous evaluation 
of specific individuals towards a precision medi-
cine risk stratification approach. Larger prospec-
tive studies are needed to validate if peripher-
al blood monocyte count can become a useful 
prognostic biomarker for these patients.
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