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Purpose: Ultrasound-guided thoracic paravertebral block (TPVB) has become increasingly popular for postoperative analgesia after
thoracic surgery. We designed this prospective, randomized, double-blind, placebo-controlled trial to investigate the effect of TPVB on
blood coagulation in patients after thoracoscopic lobectomy.
Patients and Methods: Sixty patients scheduled for thoracoscopic lobectomy were randomly allocated to two groups. Patients
underwent ultrasound-guided TPVB with 0.33% ropivacaine (T group) or 0.9% saline (C group) at the end of the surgery under
general anesthesia. Patient-controlled intravenous analgesia (PCIA) was administered for both group after the surgery. The primary
outcome was the thromboelastogram (TEG) parameters before anesthesia (T0), at the end of operation (T1) and in 1 day (T2) and 2
days (T3) after the operation, the second outcomes were the analgesic effect and the amount of intraoperative opioid consumption,
operation time, infusion volume, blood loss and urine volume.
Results: The visual analog scale (VAS) scores in group T were lower than group C (P < 0.05). In group T, compared with T0, the
R value at T1 and T2 is significantly reduced, and the K value at T1 were significantly shortened, the α-angle and MAvalue at T1 were
significantly increased (P < 0.05). In group C, compared with T0, the R value and K value were significantly shortened, the α-angle
and MA value were significantly increased at all postoperative time points (P < 0.05). Compared with group C at the same time point,
the R and K values of group T were significantly longer, and the α-angle and MA values were significantly reduced at T2 and T3
points, with statistically significant differences (P<0.05).
Conclusion: TPVB is beneficial to improve postoperative hypercoagulability and promote postoperative rehabilitation of patients
after thoracoscopic lobectomy.
Keywords: paravertebral nerve block, thoracoscopic lobectomy, thrombelastogram, blood coagulation

Introduction
Lung cancer has a high incidence of morbidity and mortality, and accounts for a large proportion of thoracic surgeries,
which is the most effective treatment for early and middle stage of lung cancer.1 Studies have confirmed that lung cancer
is a high-risk factor for venous thromboembolism (VTE),2 especially the incidence of the postoperative VTE is as high as
13.2%-19.5%, which is an important risk factor for common postoperative complications and unexpected death in
hospitals.3–5 In addition, surgical resection may carry increased risk of VTE. The intense trauma, stress response and
postoperative pain in patients undergoing thoracic surgery will aggravate the hypercoagulability of patients and lead to
the occurrence of VTE.6 Perfect postoperative analgesia can help to improve postoperative hypercoagulability of gastric
cancer by inhibiting platelet hyperactivation,7 and help patients carry out early postoperative rehabilitation training,
which is helpful to reduce the risk of VTE. Thoracic epidural analgesia (TEA) has long been regarded as the mainstay of
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multimodal analgesia for thoracic surgeries. Numerous studies have shown that epidural anesthesia and analgesia can
relieve the coagulation status of patients and reduce postoperative thromboembolic complications.8–10

Due to several contraindications and side effects, a series of potential alternative modalities to TEA (thoracic
paravertebral nerve block, intercostal nerve blocks) has been proposed, especially for patients undergoing minimally
invasive surgery. Ultrasound-guided thoracic paravertebral nerve block, as the most commonly used multimodal post-
operative analgesia in thoracic surgery, has a definite blocking effect and fewer complications.11

At present, almost no studies have investigated the impact of TPVB on postoperative coagulation function in patients
with thoracoscopic lobectomy.

In this study, patients who underwent thoracoscopic lobectomy were enrolled. The dynamic monitoring of TEG at
different times were selected to evaluate the effect of TPVB on postoperative coagulation function of patients, so as to
evaluate TPVB more comprehensively and provide a basis for the selection of postoperative pain treatment. It was
hypothesized that postoperative hypercoagulability could be reduced by TPVB.

Materials and Methods
Study Design and Setting
This study is a single center, prospective, randomized, controlled, double-blind study. The protocol was approved by the
ethics committee of the First Affiliated Hospital of Chongqing Medical University (Ethics approval number: 20195801)
and registered at chictr.org.cn (ChiCTR2100041783). Written informed consent was obtained from all participants. All of
the procedures were performed in accordance with the Declaration of Helsinki.

A total of 63 patients, who underwent elective operations of unilateral thoracoscopic lobectomy with three trocar
ports for lung cancer at the first Affiliated Hospital of Chongqing Medical University from January 2021 to June 2021,
were recruited for the study. Inclusion criteria were as follows: aged 18–65 years, BMI 18–25 kg/m2, American Society
of Anesthesiologists (ASA) grade I–II. The exclusion criteria were a history of mental illness, cognitive impairment,
spinal or thoracic deformity, infection at the puncture site, chronic pain or regular administration of analgesic drugs,
preoperative use of drugs that affect coagulation function, a known allergy to local anesthetics, or with significant heart,
lung, liver, kidney and endocrine or blood disorders, loss of core data during follow-up, withdrawal from the study for
any reason. Enrolled patients were randomized to receive ultrasound-guided TPVB with 0.33% ropivacaine (T group) or
0.9% saline (C group). The randomization was performed in a 1:1 ratio according to a computer-generated table by an
investigator not involved in patient care or perioperative assessment. Group assignments were enclosed in sealed, opaque
envelopes opened, which were given to an anesthesia nurse not involved with the study. The nurse prepared identical
syringes containing study injectate (0.33% ropivacaine or 0.9% saline). The patients, attending anesthesiologists,
surgeons, and data collectors were blinded to group assignments throughout the entire study period.

Preoperative Preparations and Anesthesia Protocol
Upon arrival in the operating room, patients were monitored with electrocardiography, pulse oximetry, body temperature,
invasive blood pressure and the Narcotrend Index. Patients were randomly allocated using sealed envelopes with
computer-generated numbers.

After checking the patient by surgeon, anesthesiologist, and nurse, general anesthesia was induced with 2 mg/kg
propofol, 0.5 µg/kg sufentanil, and 1 mg/kg vecuronium. Patients were intubated with double-lumen tracheal tube, with
the optimal position for one-lung ventilation confirmed by bronchoscopy. General anesthesia was maintained with
intravenous infusion of remifentanil 0.08–0.15 µg/kg/min, propofol (2–4 mg/kg/h) and sevoflurane (1–2%) to maintain
Narcotrend Values between 40 and 60, intermittent intravenous infusion of vecuronium (0.4 mg/kg) was added per 40–60
min. Mechanical ventilation was maintained at 8 mL/kg tidal volume during two lung ventilations or 6 mL/kg tidal
volume and 5 cm H2O positive end expiratory pressure (PEEP) during one lung ventilation. The respiratory rate was
adjusted to keep end tidal carbon dioxide pressure between 37 and 45 mmHg. The fluctuation ranges of the HR and MAP
were maintained at no more than 20% of the baseline values. Hypotension (>20% decrease from baseline blood pressure
lasting more than 3 minute) was treated with 250 m L 6% hydroxyethyl starch 130/0.4 infusion over 15 minutes. If the
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hypotension was not corrected, intravenous ephedrine (6 mg) or phenylephrine (50 µg) was used. Bradycardia (HR <40/
min) was treated with atropine 0.5 mg.

Application of TPVB
After closing the incision for anastomosis, anesthesia was discontinued, TPVB was performed in lateral position by
experienced anesthetists who were blinded to the study protocol.

According to the location of the surgical incision, the two-point method (T4–5 and T6–7) was selected. After an
initial anatomic scan by ultrasonography to confirm the thoracic levels, appearance, and depth of structures, the
procedural site was identified. The parathoracic long-axis out-plane technique for puncture was performed. After the
correct location was confirmed by hydrodissection and the pleura moving downwards with 2 mL of physiological saline
solution, and 15mL of 0.33% ropivacaine or 0.9% saline was injected at each point (Figure 1).

PCIA was administered for both group at the end of the surgery. A total of 800 mg tramadol and 100 mg flurbiprofen
were mixed with 54 mL normal saline in each PCIA device, started by a basal continuous intravenous infusion (1 mL/
hour) plus patient controlled additional intravenous bolus (2 mL, lockout time, 15 minutes). On the day before surgery,
patients received instruction on how to use the PCA device. PCIA was used for 2 days after surgery.

All patients were replaced with 7.5# single endotracheal tube and then transferred to the thoracic surgical care unit.
The blinding principle was well controlled in the present study.

Measurements
The primary outcome was the TEG parameters at the end of operation (T1) and in 1 day (T2) and 2 days (T3) after the
operation. The second outcomes were changes of analgesic effect after the surgery, PCA press times, the amount of
intraoperative opioid consumption, operation time, infusion volume, blood loss and urine volume.

Arterial blood was collected at T0, T1, T2 and T3. The thrombus tracer Haemoscope (TEG 5000, Haemoscope
Corporation, Niles, Illinois, USA) is used to detect the TEG, including determination of the blood coagulation reaction
time (R), the blood clots forming time (K), the blood clots form rate (alpha), and the maximum amplitude of blood clots
(MA). Postoperative pain level was assessed by VAS (with 0 representing no pain and 10 representing the worst pain
imaginable) at 6h,12h,24h and 48 h after surgery at rest and when coughing. Times of analgesia pump pressure and other
incidence of postoperative complications were recorded.

Sample Size Calculation
The sample size was calculated with “Power and SampleSize.com,” an online power and sample size calculator. Based
on the findings from our pilot study, a sample size of 24 patients per group was estimated with a power of 80% and

Figure 1 Ultrasound-guided paravertebral nerve block.
Abbreviations: TP, the transverse process; CTL, costotransverse ligament; LA, spread of the local anesthetic.
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a two-sided P-value of 0.05 to detect a 20% decrease in the level of MA value 48 h after surgery. Considering patients
who may withdraw from the study, 30 patients were enrolled in each group.

Statistical Analysis
All statistical analyses were performed using IBM SPSS for Windows version 19.0 (IBM Corp., Armonk, NY, USA)
software. Continuous data were expressed as the mean ± SD or median (range). Repeated-measures ANOVA was used
for the analysis of repeatedly measured data, the independent sample t-test was used for inter-group comparison, Mann–
Whitney U-test was used for comparison of non-parametric data, and χ2 test was used for counting data. P < 0.05 was
considered statistically significant.

Results
Characteristics of the Patients
A total of 63 patients were recruited for this study, 3 patients were excluded due to patient refusal, and 60 patients were
enrolled and randomly allocated into two groups. Another 3 patients were withdrawn from the study (due to conversion
to open thoracotomy). Finally, 57 patients completed the study and were included in the final statistical analysis
(Figure 2). Demographic and intraoperative variables were similar between the two groups (Table 1). During the surgery,
there was no significant difference in the amount of opioid consumption, infusion volume, blood loss and urine volume
during the operation between the two groups (Table 1).

Figure 2 Diagram of the progress through the phases of the trial.
Abbreviation: TPVB, thoracic paravertebral block.
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Postoperative Analgesia Effect
The visual analogue pain scores both at rest and on coughing were lower in the TPVB group at all postoperative time
points (P < 0.05). The times of patient-controlled pressing in group C were higher (Table 2).

Changes of TEG Parameters at Each Time Points After Operation
In group T, compared with the T0 time point, the R value at T1 and T2 is significantly reduced, and the K value at T1
were significantly shortened, the α-angle and MA value at T1 were significantly increased (P < 0.05).

In group C, compared with T0, the R value and K value were significantly shortened, the α-angle and MA value were
significantly increased at all postoperative time points (P < 0.05). Compared with the C group at the same time point, the
R and K values of the TPVB group were significantly longer, and the α-angle and MA values were significantly reduced
at T2 and T3 points, with statistically significant differences (P<0.05) (Table 3).

Discussion
VTE consists of deep venous thrombosis (DVT) and pulmonary embolism (PE), and the latter can be serious because of
its lethality or the resultant neurologic deficits, and remain prevalent causes of morbidity and mortality.

Thromboembolism is a well-recognized complication of malignant disease; cancer growth is associated with the
development of a hypercoagulable state. Malignant cells can activate blood coagulation in several ways: by producing
procoagulant, fibrinolytic, and proaggregating activities; by releasing proinflammatory and proangiogenic cytokines; and
by interacting directly with host vascular and blood cells, such as endothelial cells, leucocytes, and platelets, by means of
adhesion molecules.2

Intuitively, patients undergoing cancer surgery remain at a high risk for VTE as they meet criteria for Virchow’s triad
of hypercoagulability, stasis, and endothelial injury. Furthermore, previous studies have shown that the patients with lung
cancer undergoing operative treatment is believed to carry a fourfold increased risk of VTE and thromboembolic
complications.12,13

Thoracic surgery is widely performed worldwide and has the characteristics of a high incidence of pain, severe stress
response, increased inflammation. In recent years, thoracoscopic lobectomy has become increasingly popular as
a minimally invasive procedure resulting in lower levels of pain, fewer pulmonary complications, less blood loss, shorter
hospital stays. In this surgical approach the pain directly from the surgical incision is greatly reduced, whereas the

Table 1 Demographic Data and Intraoperative Variables

Variables C Group (n=28) T Group (n=29) P-value

Age, years 55±8.2 52±7.7 0.083

BMI, kg/cm2 22.8±2.4 22.6±2.9 0.832

Sex (M/F), n 14/16 13/17 0.791

ASA (I/II) 10/20 8/22 0.574

Duration of surgery (minutes) 104±22 106±28 0.483

Intraoperative blood loss (mL) 100 (80, 150) 100 (50, 150) 0.562

Urinary output (mL) 200 (100, 200) 200 (100, 300) 0.960

Fluid input (mL) 1100 (1100, 1600) 1100 (1100, 1600) 0.741

Sufentanil (ug) 47±4 48±4 0.363

Remifentanil (mg) 1.03±0.15 0.99±0.12 0.355

Notes: Continuous data are presented as mean ± SD or median (range), categorical variables are presented as count. P<0.05 is considered
statistically significant.
Abbreviations: BMI, body mass index; M/F, male/female; ASA, American Society of Anesthesiologists.
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visceral pain and the thoracic drainage catheters all add to the range of dermatomes for which analgesia needs to be
considered. Severe pain caused by nerve damage and postoperative chest drainage tube can produce a stress response,
which can induce platelet activation and aggregation, adhesion, increase the amount of VIII factor, prothrombin and
fibrinogen, boost the agglutinative and decrease fibrinolytic function at the same time, make the body in a state of high
coagulation.6,14 In addition, drainage tube stimulate diaphragm wall or pleura produces pain, making patients reluctant to
cough and breathe deeply, and prone to complications such as atelectasis and pulmonary infection. Prolongation of
postoperative bed rest slows the blood flow of lower limbs, which further increases the risk of VTE.15 Early bedside
activities after surgery are helpful for rapid recovery and can provide the basic conditions for postoperative recovery.

It has been found that perfect postoperative analgesia can help to improve postoperative hypercoagulability by
inhibiting platelet hyperactivation.16,17 Ultrasound-guided thoracic paravertebral nerve block refers to the injection of
local anesthesia into the thoracic paravertebral space guided by ultrasound technology to block the dorsal branch,
abdominal branch, communicating branch and sympathetic trunk of the intercostal nerve in the space, so as to achieve the
purpose of ipsilateral body and sympathetic nerve block. The paravertebral nerve bundle is sensitive to local anesthetics
due to the lack of the sheath and fascia. Unilateral TPVB can avoid contralateral sympathetic nerve block, reduce
hypotension and maintain circulatory stability.18 Furthermore, the development of TPVB techniques using ultrasound has
made it easier and more accessible. Its exact analgesic effect is comparable to an epidural block, therefore it is highly
recommended in the latest enhanced recovery programs for patients undergoing thoracoscopic surgery.19

Our results demonstrated that the postoperative VAS scores of TPVB group were better than that of the control group,
consistent with numerous previous studies that TPVB can reduce postoperative acute pain.

Studies have found that TPVB can inhibit stress response, reduce inflammatory stimulation, improve postoperative
lung function, reduce postoperative pulmonary complications, improve patient outcomes, and even can be used for the
treatment of chronic pain syndrome after chest surgery.20 Yet our analysis demonstrates that, to a certain extent, TPVB
can improve the postoperative coagulation status of patients.

Traditional coagulation function tests such as prothrombin time (PT), fibrinogen (FIB), and partial thromboplastin
time (APTT), simply reflect coagulation function, with a long feedback time and insensitivity to the function of
fibrinogen, hyper fibrinolysis and platelet dysfunction. Whereas thromboelastography (TEG), which mimics the entire
dynamic of coagulation and fibrinogenesis in vivo with a small amount of field blood over a short period of time,
comprehensive monitoring of coagulation factor activity, platelet function, plasma coagulation factor activity, fibrinogen

Table 2 The Analgesic Effect of Patients After Surgery

Variables C Group (n=28) T Group (n=29) P-value

VAS at rest

6 h 2.0±0.8 1.6±0.6 0.023

12h 2.3±0.6 1.8±0.7 0.003

24h 2.1±0.7 1.6±0.5 0.013

48h 2.1±0.8 1.6±0.6 0.004

VAS on coughing

6h 3.6±0.6 2.4±0.5 <0.001

12h 3.3±0.7 2.6±0.5 <0.001

24h 3.2±0.5 2.8±0.6 0.007

48h 3.1±0.7 2.5±0.5 <0.001

PCA press times 4.7±1.2 2.3±0.9 <0.001

Note: Data are shown as means ±SD.
Abbreviations: VAS, visual analog scale; PCA, patient-controlled analgesia.
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function and other general features of coagulation process.21,22 The test results are closer to the occurrence and
development of coagulation reaction in vivo, and can reflect the coagulation function status in vivo more comprehen-
sively. Compared with traditional coagulation tests, TEG can better reflect postoperative hypercoagulability,23 and timely
predict the occurrence of thromboembolic complications.24,25 Bedside, TEG test in our study can produce fast respon-
siveness and calculable improvement of coagulation status in patients.

Therefore, TEG was used in this study to monitor the effect of thoracic paravertebral nerve block after thoracoscopic
lobectomy on coagulation function. It was found that TPVB could not only relieve the pain of patients, but also inhibit
the enhancement of coagulation function caused by surgical stress, and improve the post-operative hypercoagulability.

We found that blood coagulation function of the two groups were significantly enhanced at the end of the operation,
the control group are at higher levels at all time points after the surgery. However, blood coagulation status of TPVB
group was consistent with preoperative level in 24 h and 48 h after surgery. These results indicated that the vertebral
nerve block analgesia can restrain the enhanced coagulation function caused by stress reaction and postoperative pain
from the thoracoscope surgery, hence, it can effectively prevent early perioperative high coagulation state and reduce

Table 3 Variation of TEG Parameters at Different Time Points

Variables C Group (n=28) T Group (n=29) P-value

T0

R (min) 6.5±1.0 6.3±0.8 0.705

K (min) 1.6±0.4 1.7±0.3 0.887

α angle (°) 67.0±5.0 68±4.9 0.666

MA (min) 62.4±5.2 63.4±6.3 0.636

T1

R (min) 4.5±1.1b 4.4±0.7b 0.730

K (min) 1.3±0.2b 1.3±0.3b 0.875

α angle (°) 74.8±6.7b 75.4±4.8b 0.709

MA (min) 71.6±4.9b 71±5.0b 0.819

T2

R (min) 4.8 ±0.7b 5.4±0.8ab 0.016

K (min) 1.2±0.3b 1.5±0.4a 0.001

α angle (°) 75.1±7.1b 69±5.5a 0.227

MA (min) 70.9±4.9b 66.4±5.8a 0.002

T3

R (min) 5.2±1.0b 5.8±0.8a 0.017

K (min) 1.3±0.4b 1.5 ±0.3a 0.032

α angle (°) 73.2±6.4b 71±5.0a 0.313

MA (min) 69.7 ±7.1b 64.8 ±6.0a 0.005

Notes: Data are shown as means ± SD, compared with group C, aP < 0.05; compared with preoperation, bP < 0.05. The normal range
of TEG parameters: R: 5~10 min; K: 1~3 min; α angle: 53~72°; MA: 50~70 mm. T0: before anesthesia, T1: at the end of operation, T2:
1 day after the operation, T3: 2 days after the operation.
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the incidence of TVE. Based on the conclusions, early rehabilitation after thoracoscopic surgery can be enhanced by
TPVB.

Analysis of the reasons might be: TPVB associated with PCIA can provide perfect analgesic effect, reduce the
catecholamine release and the stress reaction, decrease activated clotting factors and platelet activity, and inhibit platelet
aggregation. At the same time, because of the block of the sympathetic nerve, it will cause the dilation of the blood
vessels in the nerve block area, a relative increase in blood volume and a decreased blood viscous degrees to prevent the
further occurrence of blood hypercoagulability, thus improving the tendency of hypercoagulability. In addition, it may be
related to the inhibition of platelet aggregation by local anesthetics.26

Patient controlled analgesia (PCIA) can meet the basic analgesic needs of patients in the resting state, but there will
be obvious pain when breathing deeply, coughing, and turning over. However, TPVB can prevent the transmission of
regional stimulation to the center nervous system through the spinal cord level, and can improve the analgesia combined
with PCIA. Perfect postoperative analgesia makes patients more comfortable, and it is beneficial for patients to get out of
bed early and to do rehabilitation training, which helps to reduce the risk of DVT and PTE, and achieve the purpose of
rapid recovery.

There are several limitations in this study: limited by experimental conditions, the sample size is relatively small,
leading to the increase of systematic error; continuous thoracic paravertebral block has been used in some studies, and it
is believed to provide more perfect postoperative analgesia, and may be able to produce a more persuasive result, but its
wide use is limited to some extent by the difficulty of catheter placement and easy displacement.27 The exact mechanism
of action of TPVB on patients’ blood coagulation system still needs to be further explored.

Conclusion
To sum up, TPVB can effectively alleviate pain after thoracoscope surgery, and to a certain extent, prevent postoperative
hypercoagulability in patients at an early stage after the surgery. The changes of coagulation function should be closely
monitored during perioperative period, and the complications of blood embolism should be actively prevented to achieve
rapid postoperative recovery of lung cancer patients.

Data Sharing Statement
The datasets used and/or analysed during the current study are available from the corresponding author (Danyan Liu) on
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