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Abstract

BACKGROUND

Deep vein thrombosis (DVT) of the lower extremity is one of the most common
postoperative complications, especially after craniocerebral surgery. DVT may
lead to pulmonary embolism, which has a devastating impact on patient
prognosis. This study aimed to investigate the incidence and risk factors of DVT
in the lower limbs following craniocerebral surgery.

AIM
To identify independent risk factors for the development of postoperative DVT
and to develop an effective risk prediction model.

METHODS

The demographic and clinical data of 283 patients who underwent craniocerebral
surgery between December 2021 and December 2022 were retrospectively
analyzed. The independent risk factors for lower extremity DVT were identified
by univariate and multivariate analyses. A nomogram was created to predict the
likelihood of lower extremity DVT in patients who had undergone craniocerebral
surgery. The efficacy of the prediction model was determined by receiver
operating characteristic curve using the probability of lower extremity DVT for
each sample.

RESULTS

Among all patients included in the analysis, 47.7% developed lower extremity
DVT following craniocerebral surgery. The risk of postoperative DVT was higher
in those with a longer operative time, and patients with intraoperative

intermittent pneumatic compression were less likely to develop postoperative
DVT.
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CONCLUSION

The incidence of lower extremity DVT following craniocerebral surgery is significant, highlighting the importance
of identifying independent risk factors. Interventions such as the use of intermittent pneumatic compression
during surgery may prevent the formation of postoperative DVT.

Key Words: Deep vein thrombosis; Craniotomy surgery; Risk factors; Nomogram

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Deep vein thrombosis (DVT) of the lower extremity is one of the most common postoperative complications,
especially after craniocerebral surgery. DVT may lead to pulmonary embolism, which has a devastating impact on patient
prognosis. Therefore, preventing the formation of lower limb Deep vein thrombosis is crucial after surgery. This study aimed
to investigate the incidence and risk factors of DVT in the lower limbs following craniocerebral surgery and develop
effective risk prediction models.

Citation: Su ZJ, Wang HR, Liu LQ, Li N, Hong XY. Analysis of risk factors for postoperative deep vein thrombosis after craniotomy
and nomogram model construction. World J Clin Cases 2023; 11(31): 7543-7552

URL: https://www.wjgnet.com/2307-8960/full/v11/i31/7543.htm
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INTRODUCTION

Deep vein thrombosis (DVT) is one of the most frequent complications of surgery that can lead to serious consequences,
such as pulmonary embolism, post-thrombotic syndrome, and venous gangrene, all of which can affect postoperative
recovery and the quality of life of patients[1,2]. Lower extremity deep veins are frequently affected by DVT, with the
muscular calf vein being the most affected, followed by the popliteal, superficial, and common femoral veins[3].

Age, body mass index (BMI), smoking history, platelet count, D-dimer, and surgical-related factors have been
identified as risk factors for postoperative DVT[4-16]. Craniocerebral surgery is associated with a higher risk of DVT than
other surgical procedures due to its lengthy operation time and the release of many inflammatory factors from brain
tissues during operation[17,18]. The incidence of postoperative thrombosis in craniocerebral surgery is 5%-60%[3,19]. The
use of anticoagulants after surgery for the prevention of DVT formation remains inconclusive. Previous studies[20,21]
have demonstrated that immediate anticoagulation intervention after surgery can effectively prevent low extremity DVT.
However, this approach significantly increases the risk of fatal cerebral hemorrhage and the cost of treatment.
Conversely, some studies[22] have suggested that postoperative application of anticoagulants does not result in a
reduction in the incidence of DVT. It has also been suggested that mechanical techniques alone may be superior to antico-
agulation intervention in preventing DVT after surgery[10,17,23].

Many previous studies have identified risk factors for the occurrence of DVT after orthopedic, gastrointestinal, or
urological surgeries[2-8]. Several studies[12,24-26] have also specifically investigated the risk factors for DVT following
brain surgery. However, they were either date back to earlier periods or were conducted in a single center in different
countries. Intermittent pneumatic compression (IPC) device is a limb compression treatment system that applies periodic
pressure changes to the peripheral tissues and vasculature of the body, preventing blood stasis, improving blood
circulation, and preventing postoperative lower extremity DVT. In the present work, we aimed to identify the risk factors
for lower extremity DVT and investigate the effect of intraoperative IPC on the formation of postoperative DVT in
Chinese patients. A risk prediction model was also developed for predicting lower extremity DVT following cranio-
cerebral surgery.

MATERIALS AND METHODS

Patients

Patients who underwent craniocerebral surgery between December 2021 and December 2022 in the First Affiliated
Hospital of Jilin University were screened for enrollment. The inclusion criteria were as follows: (1) Aged =18 years; (2)
had undergone their first craniocerebral surgery; and (3) had received a venous color ultrasound to check the DVT before
and after the surgery. Patients were excluded from analysis if they had: (1) Existing DVT during the preoperative
evaluation; (2) taken anticoagulant drugs or received other thrombus prevention measures; and (4) a history of interven-
tional surgery.
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Data collection

The following demographic and clinical data were collected to identify the risk factors for the onset and development of
DVT: (1) Basic demographic characteristics, including age, gender, BMI, smoking history, blood glucose index, platelet
count, and D-dimer[4-10]; (2) surgery-related factors, including operation time, blood transfusion during operation, use of
IPC during operation, and pathological nature[10,12,18]; and (3) postoperative conditions, including postoperative
Caprini score, infection, days of hemostatic application, and cortisol application[12,19].

Diagnosis of DVT

All patients underwent an ultrasound examination of their lower extremity veins on the day of admission and seven days
after surgery. Venous ultrasound was performed on both lower extremities to observe the presence of DVT. Each patient
was evaluated by two experienced ultrasound physicians.

Ethical statement
This study was approved by the local ethics committee and performed per the Declaration of Helsinki. All participants
provided written informed consent.

Statistical analysis

AKIBM SPSS Statistics 23.0 (IBM Corp., Armonk, NY, United States) was used for data analysis. Continuous data are
shown as means # standard deviations (SD) and compared by Student’s ¢-test. Categorical data are expressed as numbers
and percentages and were compared by y? test. Univariate and multivariate analyses were performed to identify the risk
factors for lower extremity DVT. Factors with a P value of less than 0.05 were included in the final binary logical
regression equation. A binary logistic regression model was created to identify the independent risk factors for DVT.
Meanwhile, the partial maximum likelihood estimation method, namely Forward: LogisticRegression, was used to screen
variables, making this model more reliable. The degree of correlation was quantified using odds ratio (OR) and 95%
confidence interval (CI). The statistical significance level was set at P < 0.05. The goodness of fit of the final model was
assessed using the Hosmer-Lemeshow (H-L) test, where a P value of greater than 0.05 indicated an acceptable fit. The
RMS package in the R program (version 3.6.1) was used to build the nomogram model for risk evaluation. The reliability
of the model was verified internally. The discriminative power of the nomogram was evaluated by the receiver operating
characteristic curve (ROC) and the area under the curve (AUC). The calibration curve used to verify model consistency
represents the line of fit between predicted and actual incidence. The clinical validity of the nomogram model was
assessed using decision curve analysis and clinical impact curves, which quantify the net benefit of different risk
threshold probabilities.

RESULTS

Postoperative deep vein thrombosis of lower limbs in patients

Out of 308 patients screened for enrollment, 25 were excluded due to matching the exclusion criteria. As a result, 283
patients were finally included in the analysis (Figure 1). Among them, 135 (47.7%) developed DVT, and 1 (0.4%)
developed pulmonary embolism. There were no deaths within the first seven days after surgery.

Factors influencing the formation of lower limb deep vein thrombosis in patients after surgery

The basic demographic characteristics, surgical-related factors, and postoperative conditions of patients were included in
the univariate analysis. The results revealed that age, fasting blood glucose levels, D-dimer, postoperative infection,
malignant tumor, postoperative Caprini score, postoperative cortisol use, operation time, intraoperative blood
transfusion, and intraoperative IPC use (all P < 0.05) were significantly correlated with the occurrence of postoperative
DVT in the lower extremities, while gender, BMI, smoking history, platelet count, and postoperative use of hemostatic
drugs were not (P > 0.05, Table 1).

Multivariate analysis showed that age (OR = 1.064, 95%CI: 1.029-1.100, P < 0.001), D-dimer (OR = 5.368, 95%CI:
2.575-11.190, P < 0.001), operation time (OR = 1.446, 95%CI: 1.093-1.914, P = 0.010), intraoperative blood transfusion (OR
= 3.828, 95%ClI: 1.056-13.873, P = 0.041), intraoperative use of IPC (OR = 0.094, 95%CI: 0.036-0.242, P < 0.001),
postoperative infection (OR = 3.553, 95%Cl: 1.397-9.039, P = 0.008), postoperative Caprini score (OR = 1.731, 95%ClI:
1.308-2.290 P < 0.001), and postoperative steroid use (OR = 2.619, 95%ClI: 1.203-5.706, P = 0.015) were independent risk
factors for low extremity DVT (Table 2).

Based on the results of multifactorial logistic regression analyses of the study population, a nomogram model
(Figure 2) was constructed using eight independent risk factors, including age, D-dimer, postoperative infection, caprini
score, postoperative steroidal cortisol application, operative time, intraoperative blood transfusion, and intraoperative
IPC use. The predicted probability corresponding to the total score was the risk of postoperative DVT in patients
undergoing craniotomy. For instance, there is a 50-year-old patient who underwent a 4-hour surgery without the use of
IPC and received a blood transfusion during the operation. On postoperative day 3, the patient had a D-dimer level of
0.68 (mg/L) and a Caprini score of 4. There were no postoperative infections, and no cortisol-based medications were
administered. The sum of the scores for each predictor was 131, resulting in a calculated risk of postoperative DVT at
28%.

WJCC | https://www.wjgnet.com 7545 November 6,2023 | Volume1l | Issue3l |

Jaishideng®



Su Z] et al. The prediction of DVT after surgeries

Table 1 Univariate analysis of the risk factors for deep vein thrombosis

Risk factors No (%) of DVT (n = 135) No (%) of No-DVT (n = Univariate
148) HR (95%Cl) P value

Gender (male) 52 (38.5) 74 (50.0) 0.627 (0.390-1.006) 0.053
Age (yr) NA NA 1.072 (1.048-1.097) <0.001
BMI (kg/m?) NA NA 0.988 (0.927-1.054) 0.718
Smoking history 31 (23.0) 31 (20.9) 1.125 (0.640-1.977) 0.682
Glucose NA NA 1.276 (1.109-1.468) 0.001
PLT NA NA 0.999 (0.995-1.002) 0474
D-dimer (>1.08 mg/L) 88 (65.2) 48 (32.4) 3.901 (2.381-6.391) <0.001
Infections 44 (32.6) 17 (11.5) 3.726 (2.004-6.929) <0.001
Malignant tumor 61 (45.2) 38 (25.7) 2.386 (1.446-3.938) 0.001
Carprini NA NA 1.810 (1.511-2.168) <0.001
Hemostatic drugs (days) NA NA 0.926 (0.782-1.096) 0.371
Steroid 61 (45.2) 33 (22.3) 2.873 (1.717-4.805) <0.001
Operation time NA NA 1.786 (1.486-2.148) <0.001
Transfusion 16 (11.9) 5(3.4) 8.525 (3.207-22.664) <0.001
IPC 9(6.7) 62 (41.9) 0.200 (0.109-0.366) <0.001

This table shows the proportion of each included factor in the outcome event, Continuous data are shown as means + standard deviations (SD) and
compared by Student’s t-test. Categorical data are expressed as numbers and percentages and were compared by x> test. BMI: Body mass index; DVT: Deep
vein thrombosis; IPC: Intermittent pneumatic compression; PLT: Platelet; HR: Hazard ratio

Table 2 Multivariate analysis of the risk factors for deep vein thrombosis

95%Cl
Risk factors B Sx P value OR

Lower limit Upper limit
Age 0.062 0.017 <0.001 1.064 1.029 1.100
D-dimer 1.681 0.375 <0.001 5.368 2575 11.190
Infections 1.268 0.476 0.008 3.553 1.397 9.039
Carprini 0.548 0.143 <0.001 1.731 1.308 2.290
Steroid 0.963 0.397 0.015 2,619 1.203 5.706
Operation time 0.369 0.143 0.010 1.446 1.093 1.914
Transfusion 1.342 0.657 0.041 3.828 1.056 13.873
IPC 2370 0.486 <0.001 0.094 0.036 0.242

The P value and 95% confidence interval of the final included factors were calculated using the binary metalogic regression equation. IPC: Intermittent

pneumatic compression.

Verification of the nomogram model calibration

The nomogram model was internally validated, as shown by the calibration curve for postoperative DVT nomogram
prediction in patients. The X-axis represents the nomogram-predicted probability of DVT in patients, and the Y-axis
represents the actual probability of DVT (Figure 3). The predicted probability of the nomogram highly aligned with the
actual probability.

Validation of nomogram efficiency

The nomogram predictive model demonstrated strong discrimination, as indicated by the ROC curve with an AUC value
of 0.754 (95%Cl: 0.674-0.835) (Figure 4A). To evaluate the availability and benefits of the prediction model, decision curve
analysis and clinical impact curve were used (Figures 4B and C). As for the risk of postoperative DVT for patients
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Figure 1 Screening process of sample. DVT: Deep vein thrombosis.
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Figure 2 Predictive nomogram for postoperative deep vein thrombosis in patients with craniotomy. IPC: Intermittent pneumatic compression.

undergoing craniotomy, the clinical efficacy of the nomogram model is promising.

DISCUSSION

DVT is a common postoperative complication after craniocerebral surgery, which can lead to pulmonary embolism[19],
post-thrombotic syndrome, and venous gangrene[l,2], posing a serious threat to patients” lives. Brain tissue damage
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Figure 3 Calibration curve for nomogram of postoperative deep vein thrombosis in patients with craniotomy.
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Figure 4 Validation of predictive model performance. A: The receiver operating characteristic curve of the nomogram model. The area under the curve was
used to evaluate the discrimination of the model; B: The decision curve analysis for nomogram to predict the risk of postoperative deep vein thrombosis in patients with
craniotomy; C: The clinical impact curves for nomogram to predict the risk of postoperative deep vein thrombosis in patients with craniotomy. AUC: Area under the
curve.
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during craniocerebral surgery may lead to the release of various tissue factors and cause brain retraction injuries, both of
which can promote blood coagulation and increase the risk of DVT occurrence[11,12,19]. In the present study, the
incidence of postoperative DVT was 47.7%, which was in line with previous studies investigating the incidence of
postoperative DVT after neurosurgery[3,12,14,20]. Furthermore, eight independent risk factors for DVT after cranio-
cerebral surgery were identified, including age, D-dimer, postoperative infection, postoperative Caprini score,
postoperative cortisol application, operation time, intraoperative blood transfusion, and intraoperative IPC application.

Serum D-dimer measurement is a more convenient and cost-effective method for detecting DVT than lower extremity
venous ultrasound[1,16]. However, the clinical application of D-dimer is limited by its high false positive rate, which can
be elevated in the elderly and patients with tumors or infections[2]. The specificity is significantly increased by slightly
reducing the sensitivity. When a patient presents with an exceptionally high D-dimer, it is recommended that they
undergo a lower extremity venous ultrasound to confirm the presence of lower extremity DVT[27-30].

Infection is also a risk factor for the development of DVT. When infections invade the body, the production of
cytokines by neutrophils increases, triggering the release of tissue factors by monocytes and platelets, which induces
blood coagulation and fibrin formation. Previous evidence has revealed that the risk of infection-associated DVT can
persist for six months[12]. Therefore, it is essential to closely monitor patients with any signs of postoperative infection.

The Caprini score is a reliable tool for predicting the risk of DVT. Previous studies have demonstrated that individuals
with a Caprini score higher than[4] are at increased risk for developing DVT[2]. Venous dilations during surgery are
considered a pivotal contributor to venous thrombosis. The prolonged surgical procedure results in significant blood
stasis in the venous system, causing veinous distension. Intraoperative fluid infusion and muscle relaxants can also lead
to various degrees of venous dilation. These factors collectively induce the occurrence of DVT[2].

DVT prevention strategies are often implemented after surgery rather than during the perioperative period[10,17,20,23,
31,32]. However, taking preventive measures during the surgery is crucial to prevent postoperative DVT in the lower
extremities. While some scholars suggest that the combination of physical and chemical prevention may be more effective
in preventing DVT[20], the use of anticoagulants may increase the risk of postoperative hemorrhage, especially fatal
cerebral hemorrhage. Therefore, physical measures are commonly used alone to prevent DVT[10,17,23]. In this study, we
found that perioperative use of IPC effectively prevented the occurrence of DVT after craniocerebral surgery.

IPC was first applied in clinical practice by Calnan et al[33] in 1970. They attached the IPC to the patient’s lower legs
and used regular inflation and deflation to simulate the contraction of leg muscles, promoting blood flow back to the
heart[33]. IPC is commonly used to prevent thrombosis after surgery. The plasma concentration of the thrombin-antith-
rombin III complex peaks three hours after operation[13]. As craniocerebral surgery often lasts for a long period, it may
increase the risk of thrombosis during the operation rather than after it[19]. Therefore, we suggest using IPC during the
surgery to prevent DVT. IPC causes contractions of the muscle, which reduce venous pressure, increase the arteriovenous
gradient, promote arterial blood flow, and reduce stasis. The pressure within the subcutaneous tissues also rises,
facilitating the entry of tissue fluid into the blood circulation and reducing subcutaneous edema([10]. In addition, IPC can
also promote the production of nitric oxide and prostacyclin by vascular endothelial cells, leading to a decrease in the
plasminogen activator inhibitor and inhibition of the tissue factor pathway. However, this effect can only last 30 min after
the device stops[10,19,32]. During craniocerebral surgeries involving functional regions, it is important to maintain
critical craniocerebral functions, during which patients are often awakened during the procedure and asked to assist in
performing limb exercises to prevent DVT. A previous study has also shown that IPC applied to only one lower limb is
equally effective in preventing DVT[32].

The nomogram model has been widely used in clinical prediction, offering an intuitive and visually accessible means
of presenting results. Few models are currently available to predict the risk of perioperative DVT in patients with lung
cancer brain metastases. In this study, we established a nomogram model for predicting the risk of postoperative DVT in
this population, which provided valuable insights for DVT risk assessment among them.

The limitations of this study should also be acknowledged. Firstly, the retrospective nature may introduce selection
bias to the results. In addition, only internal validation was performed. Further investigations with a multicenter design
and a large sample size were needed at a later stage for external validation.

CONCLUSION

Age, D-dimer, postoperative infection, postoperative Caprini score, postoperative cortisol application, operation time,
intraoperative blood transfusion, and intraoperative IPC application are risk factors for lower limb DVT after cranio-
cerebral surgery. It is crucial to recognize the independent risk factors and take proactive measures to prevent DVT, such
as reducing operation time, maintaining strict aseptic protocols during the procedure, and preventing postoperative
infection. Mechanical precautions, such as IPC, should be implemented during the operation to minimize the incidence of
DVT.

ARTICLE HIGHLIGHTS

Research background
Lethal pulmonary embolism caused by deep vein thrombosis after surgery is a common cause of sudden death in
postoperative patients.
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Research motivation
Early identification and timely intervention in people at a high risk of postoperative deep vein thrombosis are essential
for preventing the development of fatal pulmonary embolism.

Research objectives

The purpose of this study is to observe the factors affecting the development of deep vein thrombosis after cranio-cerebral
surgery, to investigate the relationship between the general characteristics of patients, surgery-related factors and
postoperative conditions and postoperative deep vein thrombosis, and to establish a reliable prediction model for
postoperative deep vein thrombosis.

Research methods

In this study, data from 283 patients who underwent craniotomy were collected and analyzed retrospectively. Patients
were classified into thrombotic and non-thrombotic groups based on the presence or absence of postoperative deep vein
thrombosis, and the clinical data of the two groups were compared. Independent risk factors for deep vein thrombosis
were screened by statistical analysis. A nomogram model was developed to predict the likelihood of deep vein
thrombosis in patients undergoing cranial surgery based on the identified independent risk factors. The reliability of the
model was verified.

Research results

Of the included patients, 47.7% developed deep vein thrombosis after craniotomy surgery. Statistical analysis yielded
eight independent risk factors. A reliable nomogram model was developed to predict the risk of postoperative deep vein
thrombosis after craniotomy.

Research conclusions

This study identified eight risk factors associated with postoperative lower extremity deep vein thrombosis after open
heart surgery: Age, D-dimer, postoperative infection, postoperative Caprini score, postoperative cortisol application,
operation time, intraoperative blood transfusion, and intraoperative intermittent pneumatic compression application. A
reliable nomogram model was developed for the early identification of patients at a high risk of postoperative deep vein
formation.

Research perspectives

Previous studies of postoperative deep vein thrombosis have primarily focused on analyzing risk factors without
establishing an efficient and reliable predictive model. In this study, we enrolled patients who underwent craniotomy and
established a risk prediction model based on the risk factors. The efficacy of the model was also verified. These findings
provide an important reference for early detection of patients at a high risk of postoperative deep vein thrombosis.
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