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Abstract

endobronchial hemorrhage.
Methods:

bronchoscopy in patients with lung cancer.

Background: Hemorrhage is one of the most common complications of bronchoscopy. Although several hemor-
rhage risk factors have been proposed, it remains unclear whether blood pressure affects the onset of biopsy-induced

We conducted a retrospective cohort study of 643 consecutive adults with lung cancer over an approxi-
mately 4-year period (from January 2014 to February 2018) at a large tertiary care hospital. Patients were divided into
the hemorrhage group and the non-hemorrhage group based on endobronchial biopsy (EBB) findings. The associa-
tion between systolic pressure (SP), diastolic pressure (DP), mean arterial pressure (MAP), pulse pressure (PP), PP to
DP ratio (PP/DP) and the risk of EBB-induced hemorrhage was evaluated using multivariate regression analysis and
smooth curve fitting adjusted for potential confounding factors.

Results: The EBB-induced bleeding incidence was 37.8% (243/643) in our cohort. An independent association was
found between PP/PD and the EBB-induced hemorrhage risk (per 1 SD, adjusted odds ratio, 0.788; 95% confidence
interval, 0.653-0.951). The multivariate regression analysis performed using quartiles of PP/DP revealed that lower level
of PP/DP ratio was related to a higher risk of EBB-induced hemorrhage (P for trend <0.05) after adjustment for poten-
tial confounders. However, no association was observed between SP, DP, MAP, PP and EBB-induced hemorrhage.

Conclusions: Low PP/DP was the independent risk factor for biopsy-induced endobronchial hemorrhage during
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Introduction

Endobronchial biopsies (EBBs) are widely used in histo-
pathological diagnosis of airway disorders [1]. Patients
with lung cancer are the main population who is sub-
jected to bronchoscopy and EBBs. However, hemorrhage
is the most frequent and most challenging complication
to handle during EBB and intraoperative hypoxemia due
to increased blood loss can be life-threatening [2—4].

*Correspondence: saibinwang@hotmail.com

! Department of Respiratory Medicine, Jinhua Municipal Central Hospital,
No. 365, East Renmin Road, Jinhua 321000, Zhejiang Province, China

Full list of author information is available at the end of the article

B BMC

Several hemorrhage risk factors during EBBs have been
proposed by previous studies [5, 6], including immuno-
suppression, mechanical ventilation, thrombocytopenia,
anti-coagulant or anti-platelet therapy, severe liver and
kidney disease, heart failure, pulmonary arterial hyper-
tension, and lung transplant. Although severe hyperten-
sion (defined as systolic pressure (SP) >200 mm Hg and/
or diastolic pressure (DP) >110 mm Hg) is considered a
contraindication for bronchoscopy [7], it is still unclear
whether blood pressure (BP) affects biopsy-induced
hemorrhage.
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Reportedly, arterial stiffness is an independent risk fac-
tor for anemia after percutaneous native kidney biopsy
[8], and there is a positive association between arterial
stiffness and BP [9]. Arterial stiffness can be evaluated
using oscillometric BP measurement [10], and on the
other hand, arterial stiffness measurement may be a use-
ful tool of risk stratification in hypertension [11]. There-
fore, our hypothesis was that BP might be associated with
biopsy-induced hemorrhage. Hence, the objective of this
study was to investigate the association between different
BP components and the incidence of EBB-induced hem-
orrhage during bronchoscopy.

Methods

Study population and design

This retrospective cohort study included 643 consecutive
patients who underwent EBB and were diagnosed with
lung cancer over an approximately 4-year period (from
January 2014 to February 2018) at the Jinhua Municipal
Central Hospital. The study was approved by the Ethi-
cal Committee of the Jinhua Municipal Central Hospital
(No. 2,017,101,002). The data collected from study sub-
jects were anonymous, and informed consent was there-
fore waived.

Patients enrolled in this study met the following crite-
ria: (a) adult patients with endobronchial local exophytic
lesions who received forceps biopsies and (b) individuals
diagnosed with a primary lung cancer. Patients experi-
encing the following problems were excluded from this
study: immunosuppression, continuous anti-coagulant or
anti-platelet therapy, severe liver and kidney disease, and
active bleeding [12].

Patients were divided into two groups: patients who
received hemostatic maneuvers during EBB were
grouped together to form the hemorrhage group (n=243)
and those who did not experience hemorrhage or did not
require hemostatic maneuvers were grouped together to
form the non-hemorrhage group (n=400). In addition,
in this study patients were categorized into early and
advanced stages based on their TNM stage (stage I and II
as early stage, stage III and IV as advanced stage). Central
airways referred to the trachea, left main bronchus, right
main bronchus, and right middle bronchus. Peripheral
bronchi referred to the left and right lobar bronchi.

Data collection

Brachial artery pressure was measured on all patients
using a sphygmomanometer (Yuyao Jiahua Medical
Appliance Co., Ltd., Ningbo, China) on admission. Three
BP readings were obtained from patients seated and at
rest, and the mean value was used. Four BP components
were collected: SP, DP, pulse pressure (PP, calculated
from SP minus DP), and mean arterial pressure (MAP,
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calculated from [SP + (2 x DP)]/3). We also evaluated PP
to DP ratio (PP/DP) to quantify pulsatility as relative PP
[13].

The following covariates were collected: age, gender,
body mass index (BMI), smoking history, comorbidi-
ties (chronic obstructive pulmonary disease (COPD),
coronary heart disease (CHD), hypertension and diabe-
tes), lesions location, cancer histological type and stage,
biopsy hemorrhage (yes or no), and hemostatic maneu-
vers (4 °C 0.9% saline, diluted adrenalin (1:10,000), or/and
argon plasma coagulation). The following blood param-
eters were measured: white blood cell (WBC) count,
hemoglobin, platelets, prothrombin time (PT), activated
partial thromboplastin time (APTT), C-reactive protein
(CRP), triglycerides, total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), and low-density lipo-
protein cholesterol (LDL-C).

EBB procedure

EBB was performed by two experienced bronchoscopists
using fiberoptic bronchoscopy (BF-1T60, Olympus
Corp., Tokyo, Japan). The median time from admission to
bronchoscopy was two days. Procedures were performed
under general anesthesia. Propofol (Libang Pharmaceu-
tical Co., Ltd., Xi’an, China) used for induction (1.0 mg/
kg) and for maintenance (3.0-6.0 mg/kg/h), and remifen-
tanil (Jiangsu Hengrui Medicine Co., Ltd., Lianyungang,
China) (5.0-10.0 pg/kg/h) used for sedation and analge-
sia. Patients were intubated with a laryngeal mask airway
(Well Lead Medical Co., Ltd., Guangzhou, China), and
ventilated using a closed circuit connected to the ven-
tilator (Fabius Tiro (Draeger Medical GmbH, Luebeck,
Germany). Bronchoscopic procedures were performed
when patients were under laryngeal mask airway. Biopsy
forceps (outer diameter 1.8mm) (QYQ-FC 1.8 x 1100,
Jinlong Medical Plastic Instrument Co., Ltd., Chang-
zhou, China) were used during bronchoscopy. Three to
five biopsies were performed on each patient at the same
lesion location [1], but only one biopsy was performed
when some lesions bled significantly following the first
biopsy attempt. During bronchoscopy, 4 °C 0.9% saline,
diluted adrenalin (1:10,000), and argon plasma coagula-
tion were used for hemostasis, if needed.

Statistical analysis

All analyses were performed using R software (The R
Foundation; http://www.Rproject. org) and Empower
software (X&Y solutions, Inc., Boston, MA; http://www.
empowerstats. com). Descriptive statistics were used to
summarize baseline characteristics. Continuous variables
were presented as median with interquartile range (IQR),
and categorical variables were expressed as the number
(percentage). Data were also expressed as odds ratio (OR)
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and 95% confidence interval (CI). PP/PD measurements
were also presented as Z-scores in multivariate regres-
sions. Between-group comparisons were executed using
unpaired ¢-tests (normal distribution) or Kruskal-Wallis
rank sum test (non-normal distribution), Pearson chi-
squared tests or the Fisher’s exact, as appropriate. Multi-
variate logistic regression and generalized additive model
with smooth curve fitting were conducted for analyzing
the association between different BP components and
risk of EBB-induced hemorrhage, with an adjustment for
potential confounders. The adjusted criteria I included
risk factors producing a change in the regression coeffi-
cient greater than 10% after introduction into the basic
model (age, location of lesion, and histological types),
or the regression coefficient of co-variable to dependent
variable of P < 0.1 (smoking, CRP, PT, APTT, HDL-C,
and triglycerides), while the screening criteria II included
risk factors judged by clinical significance (stage of can-
cer, BMI, WBC, and platelets). A two-tailed P value< 0.05
was considered statistically significant.

Results

Among the 643 patients, 243 (37.8%) experienced EBB-
associated hemorrhage. These patients received hemo-
static treatment. However, severe hemorrhage (defined
as a single amount of biopsy-induced blood loss >100ml)
was not observed in any patient. Patient’s demographics
and blood tests are shown in Table 1.

The associations between SP, DP, MAP and EBB-
induced hemorrhage risk were not statistically significant
before or after adjustment for potential confounders in
multivariate regression analysis (Table 2, P > 0.05). The
relationships between SP, DP, MAP and EBB-induced
hemorrhage risk in smooth curve fitting are shown in
Fig. 1a—c after adjustment for potential confounders.

In unadjusted models, a strong significant association
was observed between PP/DP and EBB-induced hemor-
rhage risk. Table 3 shows that every 1 SD (1 SD = 0.24
PP/DP) increase of PP/DP, the odds of hemorrhage
decreased by about 19.0%. After additional adjustment
for potential confounders (age, gender, BMI, smoking,
lesion locations, cancer histological type and stage, PT,
APTT, triglycerides, HDL-C, WBC, platelets, and CRP),
the strength of this association remained significant. It
indicates that every 1 SD increase of PP/DP, the risk of
biopsy-induced endobronchial hemorrhage decreased
by about 21.2% (Table 3). Moreover, in the multivariate
regression analysis using quartiles of PP/PD, whether or
not the potential confounders were adjusted, a trend of
an increased incidence of EBB-induced hemorrhage was
observed in patients with a lower PP/DP level (Table 3,
P for trend < 0.05). Although 10 mm increase in PP
contributed to a decrease in the hemorrhage risk after
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adjustment for the aforementioned factors (Table 3, OR,
0.986; 95% CI, 0.974-0.997), in the multivariate regression
analysis using quartiles of PP, however, no variation ten-
dency was observed between higher PP and EBB-induced
hemorrhage risk (Table 3, P for trend > 0.05). The asso-
ciation between PP, PP/PD ratio and EBB-induced hem-
orrhage risk is shown in Fig. 1 d, e after adjustment for
potential confounders.

Discussion

In the present study, we found that PP/DP ratio was asso-
ciated with EBB-induced hemorrhage risk during bron-
choscopy in patients with lung cancer. Lower PP/DP ratio
was the independent risk factor for EBB hemorrhage.
Since few studies focused on the association between dif-
ferent BP components and risk of EBB-induced hemor-
rhage, our findings are novel and might indicate that BP is
a modifiable factor to reduce EBB-induced hemorrhage.

Hemorrhage is the most common and clinically rel-
evant complication after endobronchial biopsy, and it is
perhaps the most distressing and challenging to man-
age for bronchoscopists [2], especially when a massive
hemorrhage occurs. In the non-selective study popula-
tion, bronchoscopy-induced hemorrhage was reported
between 1% and 20% [2]. However, the incidence of hem-
orrhage increases significantly in subjects that need a
biopsy [14]. In addition, malignant lesions are more likely
subjected to bleed upon biopsy than benign mucosal
lesions [15]. The rate of EBB-induced hemorrhage can
even reach 30.5% in patients with lung cancer [16].

Despite the controversy and insufficient evidence [17,
18], several risk factors for hemorrhage during bronchos-
copy have been proposed, including immunosuppression,
mechanical ventilation, thrombocytopenia (platelets <
50 x 10%/uL), anticoagulant and antiplatelet drug use,
heart failure, liver and kidney disease, lung transplant,
and bleeding tendencies [5, 6]. However, to the best of
our knowledge, among these factors no feasible and
effective indicators to predict EBB-induced hemorrhage
are available in clinical practice.

Several studies have shown that there was a strong pos-
sibility of a relationship between BP and biopsy-related
bleeding. Reportedly, increased PP may be a cause of the
high bleeding rate in percutaneous kidney biopsy, and
treatments that can reverse arterial stiffness may reduce
the possibility of renal biopsy-induced bleeding [8]. In
addition, in several retrospective studies, indices from SP
and DP measurements resulted valid means of detecting
blood loss, and showed good sensitivity and specificity in
predicting large blood losses [19, 20]. Although BP may
play a role in some hemorrhagic diseases, there is a pau-
city of data to evaluate BP in EBB. To understand better
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Table 1 Baseline characteristics and blood tests of study patients

Variables Non-hemorrhaging Hemorrhaging Pvalue
n =400 n=243

Baseline characteristics

Age, year, median (IQR) 65 (59, 70) 65 (60, 71) 0.146

BMI, kg/mz, median (IQR) 21.8(19.7,24.0) 21.5(19.7,23.8) 0.308

Gender, n (%) 0.133
Female 96 (24.00) 46 (18.93)
Male 304 (76.00) 197 (81.07)

Smoking, n (%) 0.020
Never 163 (40.75) 76 (31.28)
Former 55(13.75) 49 (20.16)
Current 182 (45.50) 118 (48.56)

Location of lesion, n (%) <0.001
Peripheral bronchi 31(7.75) 51(20.99)
Central airway 369 (92.25) 192 (79.01)

Stage, n (%) <0.001
Early 241 (60.25) 108 (44.44)
Advanced 159 (39.75) 135 (55.56)

Histological types, n (%) <0.001
Adenocarcinoma 133 (33.25) 40 (16.46)
Squamous cell carcinoma 177 (44.25) 145 (59.67)
SCLC 69 (17.25) 45 (18.52)
Others 21 (5.25) 13(5.35)

Hypertension, n (%) 0.719
No 303 (75.75) 181 (74.49)
Yes 97 (24.25) 62 (25.51)

Diabetes, n (%) 0.683
No 379 (94.75) 232 (95.47)
Yes 21(5.25) 11 (4.53)

CHD, n (%) 0.626
No 388 (97.00) 234 (96.30)
Yes 12 (3.00) 9(3.70)

COPD, n (%) 0.967
No 374 (93.50) 227 (93.42)
Yes 26 (6.50) 16 (6.58)

Different components of blood pressure, mmHg, median

(IQR)
SP 131 (119, 144) 130 (116, 145) 0.173
DP 77 (70,85) 78 (70, 88) 0.331
MAP 96 (88, 104) 95 (86, 106) 0.920
PP 53 (43,64) 52 (40,61) 0.015
PP/DP, median (IQR) 0.68 (0.54,0.84) 0.65 (0.50, 0.79) 0.012

Laboratory values, median (IQR)
WBC (x 107/L) 6.7 (5.4,84) 6.9(5.7,88) 0.155
Hemoglobin (g/dL) 12.8(11.6,13.9) 12.8(11.4,14.0) 0403
Platelets (x 10%/L) 220(171,278) 231(173,287) 0.256
CRP (mg/L) 6.7 (1.1,24.7) 10.7 (2.4,40.2) 0.011
PT(S) 13.1(125,13.7) 12.7(11.6,134) 0.063
APTT (S) 354(325,388) 33.9(30.7,37.6) 0.006
Triglycerides (mmol/L) 1.1(0.8,1.5) 1.0(0.8,1.3) 0.079
TC (mmol/L) 4.1(3.5,4.8) 4.1(3.5,4.7) 0.375
HDL-C (mmol/L) 1.2(1.0,14) 1.1(09,1.3) 0.026
LDL-C (mmol/L) 2.8(2.3,33) 2.8(23,32) 0.290
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Table 1 (continued)
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BMI, body mass index; SP, systolic pressure; DP, diastolic pressure; MAP, mean arterial pressure; PP, pulse pressure; PP/DP, pulse pressure to diastolic pressure ratio;
SCLC, small-cell lung carcinoma; CHD, coronary heart disease; COPD, chronic obstructive pulmonary disease; WBC, white blood cell; CRP, C-reactive protein; PT,
prothrombin time; APTT, activated partial thromboplastin time; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein

cholesterol

Table 2 Multivariate regression analysis of the peripheral
blood pressure with risk of endobronchial biopsy-induced
hemorrhage

Table 3 Multivariate regression analysis of pulsatility with the
risk of endobronchial biopsy-induced hemorrhage

Continuous, per 10

0.999 (0.987,1.012)

0.998 (0.984, 1.012)

mmHg

*Adjusted for age, gender, BMI, smoking, lesion locations, cancer histological
type and stage, PT, APTT, triglycerides, HDL-C, WBC, platelets, and CRP

BMI, body mass index; PT, prothrombin time; APTT, activated partial
thromboplastin time; HDL-C, high-density lipoprotein cholesterol; WBC, white
blood cell; CRP, C-reactive protein

the risk factors of hemorrhage during EBB, we explored
the relationship between BP and biopsy hemorrhage.

The main result of our study was that PP/DP ratio
was associated with EBB-induced hemorrhage risk dur-
ing bronchoscopy in patients with lung cancer. Because
PP absolute values were affected by changes in DP [21],
it should be normalized by the use of reasonable values.
Therefore, we used the PP/DP ratio [13]. Decreased PP/
PD ratio was independently associated with increased
risk of hemorrhage during EBB. Even after adjustment
for potential confounders (age, gender, BMI, smoking,

Pulsatility n Odds ratio (95% Cl)
Components of blood n 0Odds ratio (95% Cl) Non-adjusted Adjusted*
pressure (mmHg) - -
Non-adjusted Adjusted Pulse pressure (mmHg)
Systolic blood pressure Q1(6-47) 15710 10
2 (42-51 149 0807 (0.510,1.277 0.770 (0.469, 1.265
Q1 (82-117) 159 1.0 1.0 Q2 : ( ' ) ( :
Q3 (52-62) 173 0915(0.590, 1.419) 0.932(0.570, 1.524)
Q2 (118-130) 159 0.688(0.437,1.084) 0.710(0435,1.158)
Q4 (63-105) 164 0.658(0.417,1.038) 0.606 (0.361,1.017)
Q3 (131-144) 164 0.772(0.494,1.207) 0.814 (0,493, 1.345) P for trend 0113 0101
Q4 (145-195) 161 0816(0522,1.277) 0.806(0482,1.347) Continuous, per 10 0.987 (0.977,0.998) 0.986 (0.974, 0.997)
P for trend 0.460 0.500 mmHg
Continuous, per 10 0.994 (0.986, 1.002) 0.993 (0.984, 1.002) PP/DP
mmHg Q1 (0.07-0.52) 160 1.0 1.0
Diastolic blood pressure Q2 (0.53-0.66) 161 0653 (0.417,1.023) 0.652 (0.400, 1.064)
Q1 (41-69) 154 1.0 1.0 Q3 (0.67-0.83) 161 0.727 (0466, 1.135) 0.729 (0.445,1.193)
Q2 (70-77) 164 0.932(0.589,1.476) 1.019(0.622, 1.670) Q4 (0.84-1.74) 161 0.569 (0.361,0.895) 0.533(0.319,0.891)
Q3 (78-86) 162 1.029(0.651,1.627) 0.990 (0.600, 1.636) P for trend 0.028 0.029
Q4 (87-114) 163 1.317(0.839,2.069) 1.452(0.870,2.426) **Continuous, per SD 0.810(0.685, 0.956) 0.788 (0.653,0.951)
P for trend 0.179 0.156 *Adjusted for age, gender, BMI, smoking, lesion locations, cancer histological
Continuous, per 10 1.007 (0.993,1.020) 1.007 (0.991, 1.022) type and stage, PT, APTT, triglycerides, HDL-C, WBC, platelets, and CRP
mmHg BMI, body mass index; PT, prothrombin time; APTT, activated partial
Mean arterial oressure thromboplastin time; HDL-C, high-density lipoprotein cholesterol; WBC, white
P blood cell; CRP, C-reactive protein; PP, pulse pressure; DP, diastolic pressure; SD,
Q1 (59-87) 158 1.0 1.0 standard deviation
Q2 (88-95) 161 0.785(0.500, 1.232) 0.870(0.536,1.412) **1 SD=0.24 PP/DP
Q3 (96-104) 161 0.703(0.446,1.109) 0.697 (0.423, 1.150)
Q4 (104-138) 163 0.925(0.592,1.443) 0.895 (0.540, 1.485)
P for trend 0.690 0553 lesion locations, cancer histological type and stage,

PT, APTT, triglycerides, HDL-C, WBC, platelets,
and CRP), the association was significant. Despite the
mechanism underlying the relationship between PP/
PD ratio and the risk of biopsy-induced hemorrhage
remains unknown; we think that this parameter, with
noninvasive characteristics, easily available and almost
no expensive, might have the potential to become a
clinical reference indicator.

The strengths of the present study included inclu-
sion of consecutive patients, experienced bron-
choscopists for EBB procedure, using only one biopsy
method (EBB), and a relatively fixed number of biop-
sies, as well as a uniform method of BP measurement.
However, several limitations are present in the cur-
rent study. First, the retrospective nature of the study
implies that several potential confounders might not
have been considered and some complications might be
underestimated. Thus, further validation in prospective
studies should be considered. Second, this study was
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Fig. 1 The smooth curve fitting shows the association between the risk of endobronchial biopsy-induced hemorrhage and systolic pressure (a),
diastolic pressure (b), mean arterial pressure (c), pulse pressure (d), and pulse pressure to diastolic pressure ratio (e) after adjustment for age, gender,
BMI, smoking, lesion locations, cancer histological type and stage, PT, APTT, triglycerides, HDL-C, WBC, platelets, and CRP. Dotted lines represented
the upper and lower 95% confidence intervals. BMI, body mass index; PT, prothrombin time; APTT, activated partial thromboplastin time; HDL-C,
high-density lipoprotein cholesterol; WBC, white blood cell; CRP, C-reactive protein
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performed at a single center and all participants came
from East China, therefore, it is unknown whether the
results could be valid for other medical facilities. More-
over, the use of general anesthesia and laryngeal mask
is the standard of care for EBB at our institution, and
in this case facilitates the successful implementation
of intraoperative biopsy. However, this also suggests
that the results of this study may not be extrapolated
to the risk assessment of biopsy bleeding in patients
who underwent EBB without general anesthesia and
laryngeal mask. Third, BP on admission was measured,
regardless of whether the patient took antihypertensive
drugs or not. In addition, at present, an accurate meas-
ure of the blood loss amount during bronchoscopy is
difficult to be evaluated [22]. A quantitative measure-
ment of the volume of EBB-induced hemorrhage could
not be provided in our study. We categorized patients
into the hemorrhage group or non-hemorrhage group
just based on whether they received hemostasis treat-
ment following EBB. Therefore, for some patients with
minimal bleeding, this classification may fail to achieve
accurate grouping. Despite some potential limitations,
our study was the first revealing that PP/PD ratio was

associated with EBB-induced hemorrhage risk and it
may facilitate the bronchoscopist to assess the risk of
intraoperative bleeding.

Conclusions

There was no significant correlation between SP, DP,
MAP, PP and the risk of EBB-induced endobronchial
hemorrhage during bronchoscopy in patients with lung
cancer. However, low PP/PD ratio was associated with an
increased EBB-induced hemorrhage risk. Thus, PP/PD
ratio has the potential to be used for risk assessment and
risk modification prior to bronchoscopy.
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