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Introduction

Fibrin glue is widely used in various fields including 
cardiovascular surgery, neurosurgery, and plastic and 
reconstruction surgery (1). Especially in thoracic surgery, 
fibrin glue is used not only to control hemorrhage and 
lymphatic leakage but is very important in managing air 
leakage, as the patients’ lungs are often very fragile because 

of underlying pulmonary diseases (2). Furthermore, 
anatomical lung resections require the dissection of the 
pulmonary hilum and interlobar space, which could cause 
postoperative air leakage.

The most commonly used fibrin glue is made by 
allogenic human pooled plasma that comes from multiple 
donors. Although pasteurization and other infection 
preventative technologies are routinely performed, there 
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are still possibilities of infection with viruses such as human 
parvovirus (HPV) B19 and hepatitis (3). Moreover, the use 
of allogenic fibrin glue can lead to anaphylaxis due to the 
addition of bovine aprotinin (an antifibrinolytic molecule) 
for clot stabilization (4).

To avoid these risks associated with allogenic fibrin glue, 
autologous fibrin glue (AFG) may be a viable alternative, and 
its usage has been minimally reported (4,5). In our hospital, 
we have mainly used AFG for more than a decade in an 
attempt to reduce the risks of viral infection and allergic 
reaction. We previously produced cryoprecipitate from 
each patient’s own plasma by a manual production method 
and used this cryoprecipitate with allogenic thrombin 
because of a lack in the technical ability to refine the 
thrombin component from the patient’s plasma. However, 
the CRYOSEAL system (ASAHI Kasei Medical Co. Ltd., 
Tokyo, Japan) became available in our hospital in March 
2017, which enabled us to prepare the cryoprecipitate and 
thrombin simultaneously. In this present manuscript, the 
combination of cryoprecipitate and allogenic thrombin is 
referred to as partially-autologous fibrin glue (PAFG), while 
the one generated by CRYOSEAL system as completely-
autologous fibrin glue (CAFG).

The purpose of the present study was to investigate the 
feasibility of AFGs in thoracic surgery. To accomplish this, 
we surveyed patient demographics and clinical outcomes 
among those who underwent lung resections using PAFG, 
CAFG, or non-AFG.

Methods

Data from patients who underwent lobectomies or 
segmentectomies in our institute between November 2016 
and September 2017 were retrospectively analyzed. Before 
study commencement, the Institutional Review Board 
approved our research protocol (approval number: 1670), 
which was in accordance with the Declaration of Helsinki. 
Based on its low risk and retrospective nature, the present 
study received ethical approval for an opt-out methodology 
regarding patients’ participation (6). An accessible overview 
of our study design is available on our hospital website for 
patients’ reference.

We mainly performed lobectomy plus mediastinal 
lymph node dissection as a standard procedure for lung 
cancer. However, there is increasing evidence for the 
benefit of sublobar resections (7), and so we performed 
segmentectomies for selected patients who met one of 
the following criteria: (I) patients with a ground glass 

opacity nodule with a diameter less than 1.5 cm and a solid 
component length of less than half of the tumor diameter; 
(II) patients with a pulmonary nodule that did not meet 
criterion (I), but had a pulmonary reserve that could not 
withstand lobectomy. For patients with metastatic lung 
cancer, lobectomies or segmentectomies were performed 
when necessary to obtain adequate surgical margins, as long 
as any extrapulmonary lesions were well controlled.

Autologous blood storage

Patients underwent preoperative blood collection 
unless they had contraindications such as severe anemia 
(hemoglobin <11 g/dL), fever, dehydration, active infection, 
severe heart failure, severe aortic valve stenosis, or other 
medically unstable conditions. The amount of blood 
collected for storage was 400 mL if the patient’s body 
weight (BW) was 50 kg or greater (8). For patients with a 
BW of less than 50 kg, the amount of blood collected was 
calculated using one of the following formulas: 400 × BW 
(kg)/50, or total blood volume (TBV) ×0.12. TBV was 
calculated as described previously (9).

Preparation of PAFG and CAFG

An essential component of AFG is cryoprecipitate, which is 
a fraction of plasma, including fibrinogen, growth factors, 
and various cytokines.

In the PAFG method, cryoprecipitate was prepared from 
each patient’s own plasma, while the thrombin solution was 
reconstituted from commercially available human thrombin 
as described previously (8,9). Briefly, each patient’s own 
frozen plasma was thawed at 4 degrees Celsius, and then 
centrifuged to obtain the cryoprecipitate. Cryo-poor 
supernatant was collected and restored as frozen plasma for 
use. This whole process takes approximately 24 to 40 hours 
(Figure 1A).

In the CAFG method, cryoprecipitate and thrombin 
were automatically separated from autologous plasma using 
the CRYOSEAL system as described previously (10,11). 
Each patient’s own frozen plasma was thawed and streamed 
into the sterile closed CRYOSEAL circuit, then separately 
filled in packed syringes as cryoprecipitate and thrombin, 
respectively. This process takes approximately 90 minutes 
(Figure 1A).

PAFG was made from November 2016 to March 
2017, while CAFG was produced from March 2017 to 
September 2017, as the CRYOSEAL system became 
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available in our hospital in March 2017. Patients who did 
not undergo AFG generation because of contraindications 
or mismatch of schedules were assigned to the non-AFG 
group and received allogenic fibrinogen and thrombin 
products which were derived from pooled human plasma 
(Figure 1B). 

Surgical procedures and application of fibrin glue

Most patients (98.6%) were operated on via three-
port video-assisted thoracoscopic surgery, as described 
previously (12,13). Only three of 207 patients (1.4%) 
underwent open surgery, including chest wall resection 
(two cases) and pulmonary artery injury (one case). After 

Figure 1 Overview of the study design. (A) The flowcharts indicate the production procedures for PAFG and CAFG; (B) the flowchart 
depicts the exclusion and patient selection for lung surgery using PAFG or CAFG. Patients who underwent surgery between November 
2016 and March 2017 received PAFG, while those who underwent surgery between March and September 2017 received CAFG. Patients 
who did not undergo AFG generation because of contraindications were assigned to the non-AFG group. PAFG, partially-autologous fibrin 
glue; CAFG, completely-autologous fibrin glue; AFG, autologous fibrin glue.
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anatomical lung resection plus nodal dissection, major air 
leakage points were repaired using 4-0 PDS suture (Ethicon, 
Inc., Cincinnati, OH, USA). One to 2 mL of fibrin glue 
was applied to the dissected hilum, lung parenchyma, and 
sutured points. Several pieces of 1.5 cm2 polyglycolic acid 
(PGA) sheet (Neoveil sheet, Gunze, Ltd., Tokyo, Japan) 
were subsequently attached to the points at which the 
fibrin glue was applied to reinforce the exposed pulmonary 
parenchyma (14,15). Finally, the remaining fibrin glue was 
applied to sufficiently cover these areas. One chest tube was 
placed in all cases, irrespective of the surgical procedure.

Postoperative management

The amount of air leakage was principally monitored 
using the Thopaz digital chest drainage system (Medela 
Healthcare, McHenry, IL, USA), with the pressure set 
at −8 cmH2O (16). However, a conventional drainage 
system was sometimes applied and used at the water seal 
setting, whenever Thopaz was not available. A chest tube 
was removed if air leakage was not detectable for at least  
12 hours, and the amount of evacuating fluid was less than 
400 mL/day. Postoperative pleurodesis was performed 
using OK-432 (Picibanil, Chugai Pharmaceutical Co., Ltd., 
Tokyo, Japan) in accordance with the surgeons’ preferences 
when air leakage continued for more than several days 
unless the patient had interstitial lung disease (17).  
Postoperative prolonged air leakage was defined as sustained 
air leakage of more than 7 days and/or air leakage of less 
than 7 days but requiring chemical pleurodesis.

Calculation of medical expenses

In Japan, the entire population is enrolled in a mandatory 
heal th insurance system [Japan National  Health 
Insurance (NHI)] that is organized by the government 
(18,19).  The medical fee is set for all  procedures 
approved by the NHI, and the total in-hospital cost is 
calculated based on each healthcare service (19). The 
cost to the patient is usually 30% of the total cost, 
with the remainder paid by the NHI; however, the 
patient cost is reduced to 10% for older adults (18).  
These general rules have some exceptions, depending on 
patients’ incomes (18).

The NHI covered lobectomies, segmentectomies, blood 
storage, and CAFG generation, and the total expenses 
were calculated for each patient (including other medical 
services). During the study period, PAFG was not yet 

covered by the NHI.

Statistical analysis

The relationships between the clinicopathological features 
and the type of AFG were assessed using one-way analysis 
of variance, the Kruskal-Wallis test, Student’s t-test, Mann-
Whitney U test, or Fisher’s exact test. A P value of <0.05 
was considered statistically significant. Data were analyzed 
using JMP Pro version 14.0.1 (SAS Institute, Cary, NC, 
USA).

Results

A total of 207 consecutive cases were analyzed, including 
118 lobectomies and 89 segmentectomies. Of these 207 
patients, 83 (40.1%) received PAFG, 94 (45.4%) received 
CAFG, and 30 received non-AFG (14.5%) (Figure 1B). The 
clinicopathological features of each group are summarized 
in Table 1. There were no statistically significant differences 
among the three groups regarding age, sex, smoking 
habit, incidences of chronic obstructive pulmonary disease 
(COPD) or interstitial pneumonia, pathological diagnosis, 
and surgical procedure (Table 1). However, patients in the 
non-AFG group trended to be older, and had higher rates 
of COPD, and interstitial pneumonia compared with the 
PAFG and CAFG groups (Table 1). 

Regarding blood storage, an average of approximately 
390 mL of blood per patient was stored 11 to 13 days 
prior to an operation (Table 2). Although this procedure 
caused around a 1.5 mg/dL drop in hemoglobin before 
surgery, mean preoperative hemoglobin concentration was  
12.5 g/dL, which was considered an acceptable level for 
our operation (Table 2). No extra iron supplementation 
or blood transfusion was required, except in one case 
with pulmonary artery injury during the surgery. 
Interestingly, the amount of fibrin glue produced 
was smaller in the CAFG group than in the PAFG 
group in spite of there being no difference regarding 
blood volume storage between the groups (Table 2).  
No adverse events occurred as a direct result of blood 
collection. Hemoglobin concentration before blood storage 
was significantly lower in the non-AFG group, which was 
attributable to patients with anemia (n=9).

Postoperative outcomes were acceptable in each group, 
including postoperative drainage period of <3 days, and low 
incidences of postoperative prolonged air leakage or chest 
tube reinsertion (Table 3). There were no postoperative 
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complications related directly to the use of AFG and non-
AFG, such as allergic reaction or viral infection. The in-
hospital treatment cost was significantly higher in the 
non-AFG group than in the other groups although the 
individually-paid medical expenses did not differ statistically 
between the groups (Table 3).

Discussion

The present study aimed to evaluate the clinical feasibility 
of AFG in thoracic surgery. Both PAFG and CAFG 
achieved acceptable outcomes for patients undergoing 
lobectomy or segmentectomy. Moreover, preoperative 

blood storage and AFG preparation were successfully done 
without any disturbance to following surgical interventions. 

Fibrin glue is an essential product in thoracic surgery for 
controlling air leakage, lymphatic leakage, and bleeding; 
thus, the availability of allogenic fibrin glue has contributed 
greatly to achieving surgical safety. Allogenic fibrin glue is 
generally safe because of sterilization; however, there are 
still risks of virus transmission and anaphylaxis. HPV B19 
is relatively resistant to heat and chemical inactivation, and 
Kawamura et al. reported that using allogenic fibrin sealant 
caused transmission of HPV B19, and that the risk was 
20% in patients who were preoperatively negative for anti-
HPV B19 antibody immunoglobulin G (3). HPV B19 is 

Table 1 Patients’ demographics

Variables PAFG (n=83) CAFG (n=94) Non-AFG (n=30) P value

Age (years), mean ± SD 67.4±11.5 66.6±12.2 71.0±11.1 0.216a

Sex, n (%)

Male 42 (50.6) 56 (59.6) 18 (60.0)

Female 41 (49.4) 38 (40.4) 12 (40.0) 0.459b

Smoking habit, n (%)

Yes 43 (51.8) 57 (60.6) 18 (60.0)

No 40 (48.2) 37 (39.4) 12 (40.0) 0.493b

Chronic obstructive lung disease, n (%)

Yes 9 (10.8) 12 (12.8) 5 (16.7)

No 74 (89.2) 82 (87.2) 25 (83.3) 0.685b

Interstitial pneumonia, n (%)

Yes 5 (6.0) 4 (4.3) 5 (16.7)

No 78 (94.0) 90 (95.7) 25 (83.3) 0.067b

Pathological diagnosis, n (%)

Primary lung cancerc 71 (85.5) 85 (90.4) 23 (76.7)

Metastatic lung tumord 9 (10.8) 5 (5.3) 5 (16.7)

Other benign diseasese 3 (3.6) 4 (4.3) 2 (6.7) 0.252b

Surgical procedure, n (%)

Lobectomy 48 (57.8) 54 (57.4) 16 (53.3)

Segmentectomy 35 (42.2) 40 (42.6) 14 (46.7) 0.910b

P values determined using the aKruskal-Wallis test or bFisher’s exact test. c, primary lung cancer constituted adenocarcinoma (n=135), 
squamous cell carcinoma (n=13), and other histology (n=8); d, metastatic lung tumor constituted cancers of the following origins: colon 
(n=8), kidney (n=1), mammary gland (n=1), hepatobiliary system (n=1), and other organs (n=3); e, other benign diseases constituted 
infectious lung diseases (n=3), organizing pneumoniae (n=2), and miscellaneous (n=2). PAFG, partially-autologous fibrin glue; CAFG, 
completely-autologous fibrin glue; AFG, autologous fibrin glue; SD, standard deviation.
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a common infection, and most people have immunity by 
adulthood. HPV B19 usually causes minor febrile illness 
and may be asymptomatic but may cause aplastic crisis 
(worsening anemia and reticulocytopenia) in patients with 
chronic hemolytic anemia (20). Regarding anaphylactic 
reactions, Beierlein et al. reported that bovine aprotinin, 
an additive in fibrin products, could cause hypersensitivity 
reactions, and that the risk was 2.8% in patients with 
a previous history of exposure to fibrin products (4). 
Additionally, fatal anaphylaxis related to aprotinin use can 
occur in patients who are preoperatively positive for anti-
aprotinin immunoglobulin E (21). The risk of aprotinin 
sensitization is presumably increasing as populations age, 
and as more patients are likely to have histories of multiple 

operations and aprotinin exposure. Considering these risks, 
AFG could be a good alternative material. 

Preoperative blood collections were conducted safely in 
both the PAFG and CAFG groups. The volumes of blood 
collected in the PAFG and CAFG groups were sufficient 
to create fibrin glue (Table 2). The hemoglobin decrease 
after blood collection was within an acceptable range in 
both groups, and we did not routinely administer iron 
supplementation after blood collection. There were no 
apparent complications regarding blood collection. The 
duration from blood collection to surgery was less than 
two weeks in most cases, which is an acceptable waiting 
time considering other preoperative examinations were 
simultaneously performed within the same period. These 

Table 2 Details of blood collection and storage

Variables PAFG (n=83) CAFG (n=94) Non-AFG (n=30) P value

Amount of stored blood (mL) 389±24.8 392.2±21.9 N/A 0.412a

Amount of autologous fibrin glue (mL) 5.4±1.8 4.5±1.3 N/A <0.001a

Days from blood storage to operation (day) 11.0±7.5 12.9±10.1 N/A 0.563a

Hemoglobin concentration before storage (mL) 13.9±1.3 14.0±1.4 12.8±2.1 0.017b

Hemoglobin concentration before operation (mL) 12.3±1.4 12.6±1.4 N/A 0.210c

Hemoglobin drop after blood storage (mL) 1.6±0.80 1.4±0.95 N/A 0.267b

Data are given as the mean ± SD. P values determined using aMann-Whitney U test, bKruskal-Wallis test, or cStudent’s t-test. PAFG, 
partially-autologous fibrin glue; CAFG, completely-autologous fibrin glue; AFG, autologous fibrin glue; N/A, not applicable; SD, standard 
deviation.

Table 3 Postoperative outcomes

Variables PAFG (n=83) CAFG (n=94) Non-AFG (n=30) P value

Postoperative drainage period (day), mean ± SD 3.23±3.91 3.16±4.04 3.17±4.16 0.405b

Postoperative prolonged air leakagea

Yes (%) 11 (13.3) 12 (12.8) 5 (16.7)

No (%) 72 (86.7) 82 (87.2) 25 (83.3) 0.821c

Reinsertion of a chest tube after the initial removal

Yes (%) 1 (1.2) 2 (2.1) 0 (0.0)

No (%) 82 (98.8) 92 (97.9) 30 (100.0) 1.0000c

Postoperative length of hospital stays (day), mean ± SD 6.45±3.68 7.97±13.60 7.40±5.68 0.604b

Total in-hospital treatment costs (million JPY), mean ± SD 1.72±0.28 1.81±0.27 2.27±1.24 0.016b

Individually paid medical expenses (million JPY), mean ± SD 0.16±0.16 0.15±0.16 0.41±1.19 0.141b

a, prolonged postoperative air leakage was defined as sustained air leakage for more than 7 days or air leakage less than 7 days requiring 
chemical pleurodesis. P values determined using the bKruskal-Wallis test or cFisher’s exact test. PAFG, partially-autologous fibrin glue; 
CAFG, completely-autologous fibrin glue; AFG, autologous fibrin glue; SD, standard deviation; JPY, Japanese Yen.
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data indicate that our blood collection strategy was safe and 
comparable with previous reports (8,10,11).

The clinical outcomes of lung surgery performed using 
each of the two types of AFGs were comparable to those in 
patients in the non-AFG group (Table 3). Interestingly, the 
resultant amount of fibrin glue was greater in the PAFG 
group than the CAFG group (Table 2). The productive 
efficiency of the CRYOSEAL system is reportedly lower 
than that of the manual method, as CAFG contains less 
fibrinogen and fibronectin than PAFG (22). Thus, CAFG 
requires a slightly longer coagulation time (reportedly 
3–4 seconds) than PAFG or conventional allogenic glues 
(11,23,24). However, CAFG has a stronger adhesive 
force after coagulation (10,11,24). This is because the 
cryoprecipitate in CAFG is not only composed of fibrinogen 
and coagulation factor-XIII, but is also rich in coagulation 
factor-VIII, fibronectin, transforming growth factor-β, and 
vascular endothelial growth factor (10,11,24), which are 
important for wound healing. Hitomi et al. (25) reported 
better wound healing after the use of CAFG compared with 
other fibrin glues, probably due to the presence of these 
growth factors in CAFG. We think that the characteristics 
of CAFG are clinically acceptable, and may improve 
postoperative outcomes.

The production of CAFG requires the CRYOSEAL 
system which is an automatic plasma component separating 
device. The purchase price of this device is approximately  
8 million JPY, while the lease price is 90,000 JPY per month 
(confirmed on Mar 6th, 2019). However, the introduction 
of this new device may not be a negative financial burden 
to the hospital, depending on health insurance systems. 
Fortunately, the CAFG method was already covered in 
the Japanese NHI system (11,24), and, thus, resulted in 
affordable treatment cost (Table 3). During the study period, 
PAFG was not yet covered by NHI, and we believe that this 
may be the reason for the cost difference between CAFG 
and PAFG (Table 3). Recently, PAFG also became covered 
by the NHI, and the CAFG coverage rate increased from 
that in 2018 (26); thus, both types of AFGs could become 
more practical for health care providers in Japan. Of note, 
caution is warranted when assessing the data in Table 3. 
We believe the cost differences between the non-AFG 
and PAFG/CAFG groups is not attributable to differences 
in the glues because costs of allogenic ones range from 
45,000–55,000 JPY, which is less than 5% of total costs. 
Given patients’ older age and higher morbidities (COPD, 

interstitial pneumonia, and anemia) in the non-AFG 
group (Tables 1,2), these price differences are presumably 
secondary to additional care for those comorbidities.

In the field of cardiovascular surgery, one study concluded 
that the use of the CRYOSEAL system is not routinely 
recommended, as it did not reduce the transfusion rate 
despite its high cost (27); however, the design of this previous 
study is entirely different to that of the present study. 
Their study used allogenic fibrin glue that was made by the 
CRYOSEAL system using a blood sample obtained from a 
single volunteer, not from each patient (27). Furthermore, the 
surgical procedure in this previous study was coronary artery 
bypass grafting (including on-pump cases) (27). Considering 
these differences, we think that the present results should be 
evaluated independently of this previous report.

Our present study had some limitations. First, the study 
design was retrospective, observational, nonrandomized, 
and single-institutional. AFGs were generated only for 
patients who met the inclusion criteria for blood storage; 
therefore, patients were not randomly assigned to the AFG 
or non-AFG groups. However, comparing CAFG and 
PAFG, there is little bias regarding patient allocation, as 
we did not change the surgical indication, strategy, basic 
techniques, or pre- and postoperative patient management 
during the study period. Second, an effect of using PGA 
sheets might have overshadowed the effectiveness of AFG. 
Although this situation is not ideal for evaluating the role 
and impact of AFG itself, we believe that using AFG is 
acceptable and safe, at least combined with PGA sheets in 
thoracic surgery. 

In conclusion, both types of AFG are clinically feasible 
and showed satisfactory outcomes for patients who undergo 
lobectomies or segmentectomies. AFG could be a viable 
alternative to conventional allogenic fibrin glues. Further 
studies are desired to validate their effectiveness.
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