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Abstract

BACKGROUND

Patients with deep venous thrombosis (DVT) residing at high altitudes can only
rely on anticoagulation therapy, missing the optimal window for surgery or thro-
mbolysis. Concurrently, under these conditions, patient outcomes can be easily
complicated by high-altitude polycythemia (HAPC), which increases the difficulty
of treatment and the risk of recurrent thrombosis. To prevent reaching this point,
effective screening and targeted interventions are crucial. Thus, this study
analyzes and provides a reference for the clinical prediction of thrombosis
recurrence in patients with lower-extremity DVT combined with HAPC.

AIM
To apply the nomogram model in the evaluation of complications in patients with
HAPC and DVT who underwent anticoagulation therapy.

METHODS

A total of 123 patients with HAPC complicated by lower-extremity DVT were
followed up for 6-12 months and divided into recurrence and non-recurrence
groups according to whether they experienced recurrence of lower-extremity
DVT. Clinical data and laboratory indices were compared between the groups to
determine the influencing factors of thrombosis recurrence in patients with lower-
extremity DVT and HAPC. This study aimed to establish and verify the value of a
nomogram model for predicting the risk of thrombus recurrence.

RESULTS

Logistic regression analysis showed that age, immobilization during follow-up,
medication compliance, compliance with wearing elastic stockings, and peri-
pheral blood D-dimer and fibrin degradation product levels were indepen-dent
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risk factors for thrombosis recurrence in patients with HAPC complicated by DVT. A Hosmer-Lemeshow
goodness-of-fit test demonstrated that the nomogram model established based on the results of multivariate
logistic regression analysis was effective in predicting the risk of thrombosis recurrence in patients with lower-
extremity DVT complicated by HAPC (y* = 0.873; P > 0.05). The consistency index of the model was 0.802 (95%ClI:
0.799-0.997), indicating its good accuracy and discrimination.

CONCLUSION
The column chart model for the personalized prediction of thrombotic recurrence risk has good application value
in predicting thrombotic recurrence in patients with lower-limb DVT combined with HAPC after discharge.

Key Words: Anticoagulation therapy; Deep vein thrombosis of the lower extremities; High-altitude polycythemia; Logistic
regression analysis; Nomogram model; Thrombosis recurrence
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Core Tip: This study found that age, immobilization during follow-up, medication compliance, compliance with wearing
elastic stockings, and peripheral blood D-dimer and fibrin degradation product levels are independent risk factors for
thrombosis recurrence in patients with lower-extremity deep venous thrombosis (DVT) and high-altitude polycythemia
(HAPC). Furthermore, the nomogram model constructed using these factors demonstrated promising applications in
predicting thrombosis recurrence after discharge, thereby providing a reference for predicting thrombosis recurrence in
patients with lower-limb DVT combined with HAPC in clinical practice.
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INTRODUCTION

Low-pressure hypoxia and low ambient temperatures at high altitudes significantly increase the risk of thrombotic
disease in the local population[1]. Patients residing at high altitudes (> 3000 m) for 11 months have a 30-fold increased
risk of venous thrombosis compared to those residing at low altitudes (< 800 m)[2]. The prevalence of deep venous
thrombosis (DVT) is higher in highland regions than in plains[3,4]. Numerous studies have established a correlation
between high-altitude environments and the activation of the coagulation cascade, resulting in a hypercoagulable state
that predisposes individuals to thrombosis. This hypercoagulable state is intricately linked to high-altitude polycythemia
(HAPC), which contributes to vascular endothelial damage and platelet activation, further exacerbating the risk of
thrombosis[5]. In clinical practice, it has been observed that many cases of lower-extremity DVT in highland areas miss
the optimal window for surgical intervention or thrombolysis at the time of consultation, thus relying solely on antico-
agulation therapy. Additionally, there is a higher incidence of lower-extremity DVT complicated with HAPC in highland
areas, which complicates DVT treatment and elevates the risk of recurrent thrombosis[6-8].

An essential step in safeguarding patient well-being is the effective identification of high-risk groups for thrombosis
recurrence and implementation of targeted interventions. In this study, we aimed to investigate the factors associated
with thrombosis recurrence in patients with lower-extremity DVT complicated by HAPC who underwent anticoagulation
therapy after hospital discharge.

MATERIALS AND METHODS

Study subjects

A total of 123 patients with HAPC and lower-extremity DVT who were admitted to the hospital between January 2019
and January 2021 were enrolled in this study. The inclusion criteria were as follows: Residence at high altitudes (> 3000
m) for over five years, meeting the diagnostic criteria for HAPC according to the 2004 Qinghai Criteria for Chronic
Plateau Disease[9], having a confirmed HAPC diagnosis, being newly diagnosed with DVT, having DVT in the lower
extremity for > 15 days and being unsuitable for catheter thrombolysis or surgical retrieval, receiving anticoagulant
medication, and being available for a post-discharge follow-up. The exclusion criteria included the presence of a
combination of other coagulation disorders, inadequate clinical information, and the absence of a follow-up.

WJCC | https://www.wjgnet.com 4882 August 6,2024 | Volume12 | Issue22 |

Jaishideng®


https://www.wjgnet.com/2307-8960/full/v12/i22/4881.htm
https://dx.doi.org/10.12998/wjcc.v12.i22.4881

Zhao MX et al. Polycythemia complicated with deep venous thrombosis

Treatment methods

Treatments for HAPC included intermittent oxygenation, volume expansion, and hemodilution. Anticoagulation therapy
for lower-extremity DVT comprised the subcutaneous administration of low-molecular-weight heparin sodium (5000 IU)
every 12 hours for seven days. Starting on the second day after admission, patients began receiving oral warfarin sodium
tablets (National Medicine Permission Number H19993692; Henan Zhongjie Pharmaceutical Co., Ltd., Henan, China)
once daily at an initial dose of 5.0 mg, followed by 2.5 mg for the next two days. Subsequently, the dosage was adjusted
every 72 hours based on each patient’s international normalized ratio to maintain anticoagulation within the target range.
Before discharge, patients were instructed to wear elastic stockings or bandages while ambulating, elevate the affected
limb, and adhere to the scheduled oral anticoagulant therapy.

Recurrence diagnostic criteria

The patients underwent follow-up 6-12 months after discharge from their initial treatment. Recurrence was assessed
using imaging examinations upon the emergence of symptoms and signs indicative of lower-extremity DVT during the
follow-up period. The patients were classified into recurrence and non-recurrence groups according to thrombosis
recurrence.

Analysis of influencing factors of thrombus recurrence

To collect and compare data, we assessed age, sex, education level, occupation, presence of malignancy, breaking history,
medication compliance, compliance with wearing elastic stockings, and laboratory indices between the two groups. The
laboratory indices included D-dimer (D-D) levels, red blood cell (RBC) count, white blood cell count, platelet count,
activated partial thromboplastin time, fibrinogen level, prothrombin time, and thrombin time.

Statistical analysis

Statistical analyses were conducted using SPSS software (version 19.0; IBM Corp., Armonk, NY). Quantitative data were
expressed as means * SD, and comparisons between the two groups were performed using the independent samples ¢-
test. Enumeration data were expressed as frequencies or composition ratios, and comparisons between groups were
conducted using the y? test. Logistic regression model analysis was employed for multi-factor analysis, with variables
showing significant results in single-factor analysis included in the multi-factor regression analysis. Independent risk
factors were screened, a risk prediction model was established, and a nomogram was created using R software (R
Software for Statistical Computing, Vienna, Austria). The accuracy of the model was evaluated by comparing the
predicted and actual nomogram probabilities. Bootstrap re-sampling (1000 times) was used to draw the calibration curve,
and the fitting degree of the model was evaluated using the Hosmer-Lemeshow (H-L) test. Receiver operating charac-
teristic (ROC) curve analysis was performed to assess the predictive value of the model, with the area under the ROC
curve used to evaluate predictive accuracy. Internal verification was conducted using the caret package and the bootstrap
self-sampling method. The consistency index (C-index) was calculated using the RMS package. The level of significance
was set at P < 0.05.

RESULTS

After seven days of treatment, all 123 patients with HAPC and lower-extremity DVT showed a reduction in the circum-
ference of the affected knee, with the measurements of positions 10 cm above and 10 cm below the knee showing a
difference of <1 cm compared with those on the healthy side. The degree of swelling in the affected limbs significantly
decreased, pain was alleviated, and the patients experienced no significant discomfort after activity. Interestingly, no
serious complications, such as pulmonary embolism or bleeding occurred in any of the patients. All patients were
discharged after completing the seven-day treatment period and were followed-up by telephone, supplemented with in-
hospital follow-up information. The follow-up duration was 6-12 months after discharge, with an average follow-up time
of 8.46 months * 1.69 months. Of the 123 patients, 10 were lost to follow-up because of relocation or changes in contact
information. However, the complete follow-up data were available for the remaining 113 patients, 33 of whom were
diagnosed with recurrent DVT in the lower extremities. These patients exhibited clinical manifestations, such as swelling
and distension of the lower limbs, increased skin temperature, and increased pain after activity. The diagnosis of DVT
recurrence in a lower extremity was confirmed through non-invasive vascular color ultrasound, ultrasound B-mode
imaging, and other imaging examinations, indicating the reappearance of a thrombus at the original thrombus site or
adjacent sites.

Univariate analysis of the factors affecting thrombotic recurrence in patients with lower-extremity DVT complicated by
HAPC is shown in Table 1. The results indicated that age, breaking history, medication compliance, compliance with
wearing elastic stockings, peripheral blood D-D levels, and fibrin degradation product (FDP) levels were significantly
associated with thrombotic recurrence in patients with HAPC and lower-extremity DVT (P < 0.05).

Assignment table are shown in Table 2. Multifactorial regression analysis of these factors are shown in Table 3.
Meaningful indicators identified in the univariate analysis were incorporated into the multiple-factor regression analysis
model. The dependent variable was thrombosis recurrence during the follow-up period, whereas factors such as age and
occurrence of braking during follow-up were considered independent variables. Binary multivariate logistic regression
analysis revealed that age, braking during follow-up, medication compliance, compliance with wearing elastic stockings,
peripheral blood D-D levels, and FDP levels were independent risk factors for thrombosis recurrence in patients with
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Table 1 Univariate analysis of factors affecting thrombotic recurrence in patients with high-altitude polycythemia and lower-extremity

deep venous thrombosis

Factor Group Recurrence group (n = Non-recurrence group (n = Xt P value
33) 80)
Age (year) 7.646 0.006
<60 13 54
260 20 26
Sex 0.039 0.843
Male 18 42
Female 15 38
Smoking history 0.184 0.668
Yes 7 20
No 26 60
Alcohol consumption history 0.136 0.713
Yes 6 17
No 27 63
Education level 1.221 0.543
Primary or below 7 13
Middle school level 20 45
Junior college or 6 22
above
Residence 2.091 0.148
Urban areas 10 36
Rural areas 23 44
Complicated with malignant tumor 0.001 0.970
Yes 2 5
No Bill 75
Breaking history 14.152 <0.001
Yes 7 1
No 26 79
Medication compliance 11.502 <0.001
Good 17 66
Poor 16 14
Compliance with wearing elastic 9.184 0.002
stockings
Good 20 69
Poor 13 11
D-D (mg/L) 1.26 £0.31 041£0.11 21.512 <0.001
RBC (x 10'%/1) 4.96+0.85 499+1.02 0.146 0.884
WBC (x 10°/L) 6.51£0.79 6.49 £0.83 0.118 0.906
PLT (x 10°/L) 187.44 £ 33.57 189.37 £31.58 0.290 0.772
PT (second) 13.77 +1.81 13.68 +1.75 0.243 0.808
ATPP (second) 30.45 +£2.89 31.07 £3.54 0.890 0.375
TT (second) 18.44 +2.03 18.73 £2.17 0.658 0.512
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FIB (g/L) 2.83+0.39 2.86 +0.43 0.346 0.730

FDP (mg/L) 4.84 +£1.07 417 +£1.12 2.925 0.004

ATPP: Activated partial thromboplastin time; D-D: D-dimer; FDP: Fibrin degradation product; FIB: Fibrinogen; PLT: Platelet; PT: Prothrombin time; RBC:
Red blood cell; TT: Thrombin time; WBC: White blood cell.

Table 2 Assignment table

Variable Variable name Assignments

Y Thrombosis recurrence No=0, Yes=1

X1 Age (year) <60=0,260=1

X2 Braking during follow-up No=0,Yes=1

X3 Medication compliance Good =0, Poor =1
X4 Compliance with wearing elastic stockings Good =0, Poor =1
X5 D-D (mg/L) <084=0,2084=1
X6 FDP (mg/L) <453=0,2453=1

D-D: D-dimer; FDP: Fibrin degradation product.

Table 3 Multifactorial regression analysis affecting thrombotic recurrence in patients with lower-extremity deep venous thrombosis

complicated with high-altitude polycythemia

Factor i} SE Wald y? OR P value 95%Cl

Age 0.783 0.245 10.214 2.188 0.001 1.354-3.537
Braking during follow-up 0.634 0.189 11.253 1.885 <0.001 1.302-2.730
Medication compliance 0.893 0.232 14.816 2.442 <0.001 1.550-3.849
Compliance with wearing elastic stockings 0.369 0.047 61.639 1.446 <0.001 1.319-1.586
D-D 0.455 0.119 14.619 1.576 <0.001 1.248-1.990
FDP 0.518 0.224 5.348 1.679 0.021 1.082-2.604

D-D: D-dimer; FDP: Fibrin degradation product.

lower-extremity DVT complicated by HAPC.

The establishment of the nomogram model is shown in Figures 1 and 2. Based on the results of the binary logistic
multiple factor regression analysis, we used R software and the relevant packages to construct a prediction model for
thrombosis recurrence in patients with lower-extremity DVT complicated by HAPC, which is presented in the form of a
nomogram. Following 1000 iterations of re-sampling of the original data, the predictive accuracy and discriminative
ability of the nomogram model was evaluated using the H-L deviation test and the area under the ROC curve, res-
pectively. The H-L test yielded a y* value of 0.873 (P > 0.05). The C-index was 0.887 (95%ClI: 0.799-0.997), suggesting that
the nomogram exhibited good accuracy and discrimination.

DISCUSSION

Various factors trigger DVT in the lower extremities, including long-term braking, lower-extremity phlebitis, and chronic
pulmonary heart disease. Additionally, HAPC are common contributors to lower-extremity DVT in plateau areas[10,11].
When individuals from low-altitude areas enter high-altitude environments (3-7 days after arrival), their bodies undergo
a compensatory stress response to maintain normal tissue oxygen levels, leading to an increased RBC count and
hemoglobin (Hb) concentration[12].

HAPC affects 5%-18% of the population living in the Qinghai-Tibetan Plateau region[13]. It occurs as the body adapts
to the low-pressure, oxygen-deprived environment at high altitudes, characterized by the excessive production of RBCs
in the blood and the excessive production of Hg (Hb =190 g/L in women and Hb > 210 g/L in men)[14]. When Hb levels
reach 220-250 g/L, abnormal enhancement of RBC aggregation occurs, leading to plasma-RBC separation in blood
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Figure 1 Nomogram model of thrombotic recurrence in patients with lower-extremity deep vein thrombosis complicated with high-
altitude polycythemia. D-D: D-dimer; FDP: Fibrin degradation product.

100
A B T
0.6+
80+
0.54
~~
S
= ~ 60 -
_2 0.4 E.
=4 ("}
2 0.3 5 40 -
7]
0.24
B4 20 =
oad A Accepted AUC: 0.887
S Ideal 95%CI: 0.799-0.977
0 T T T T T T 0 ! ! 1 !
0.1 0.2 0.3 0.4 0.5 0.6 0 20 40 60 80 100
Predicted risk 1-Specitivity (%)

Figure 2 Predictive validation of the nomogram model for predicting thrombotic recurrence and receiver operating characteristic curve of
the nomogram model for predicting thrombosis recurrence. A: Predictive validation of the nomogram model for predicting thrombotic recurrence; B:
Receiver operating characteristic curve of the nomogram model for predicting thrombosis recurrence. AUC: Area under the curve.

vessels, intravascular blood cell stasis, and thrombus formation[15,16]. DVT is a common complication of HAPC.

In our hospital, it is common to encounter patients with lower-extremity DVT in plateau areas who also have HAPC.
HAPC complicates the treatment of lower-limb DVT and may increase the risk of late thrombotic recurrence.

Clinical observations suggest that most patients with lower-extremity DVT and HAPC in plateau areas seek medical
attention over 15 days after symptom onset, missing the optimal window for surgical and thrombolytic interventions.
Anticoagulation therapy is the primary treatment option for patients under these conditions. Common anticoagulation
regimens include low-molecular-weight heparin and sodium warfarin tablets. Following anticoagulation treatment in the
hospital, the symptoms and signs associated with lower-limb DVT in the 123 included patients significantly improved

without the occurrence of serious complications, such as pulmonary embolism and bleeding. All patients were safely
discharged after a seven-day hospitalization period.
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However, the risk of DVT recurrence peaks 6-12 months after the initial treatment. DVT recurrence increases treatment
expenses and exposes patients to the risk of disability and mortality.

Predicting the risk of DVT recurrence after anticoagulant therapy in patients with lower-extremity DVT combined with
HAPC in plateau areas is clinically important, as it allows for targeted interventions to improve patient outcomes. After
excluding cases with missing follow-up data, we found 33 cases of DVT recurrence among 113 patients during the 6-12-
month post-discharge period. The DVT recurrence rate was 29.20%. Binary multivariate logistic regression analysis
identified age, braking during follow-up, medication compliance, compliance with wearing elastic stockings, and peri-
pheral blood D-D and FDP levels as independent risk factors for thrombosis recurrence.

Concerning age, our study revealed that patients aged > 60 years had a 2.188-times higher risk of DVT recurrence than
those aged < 60 years. With advancing age, blood viscosity increases and vascular elasticity declines, potentially
contributing to lower-extremity DVT recurrence[17,18].

Regarding braking during follow-up visits, eight patients required bed rest for post-discharge surgical procedures, and
seven experienced DVT recurrence. Meta-analysis data from 24181 patients with venous thrombosis showed that braking
increased the risk of venous thrombosis by approximately two-fold[19]. A previous study found that a bed rest period of
> 3 days was an important risk factor for developing DVT[20]. Prolonged bed rest has been found to elevate the intra-
abdominal pressure, impede venous return, and promote blood stasis, thereby increasing DVT recurrence risk[21].

Moreover, the timely administration of anticoagulant drugs after discharge is crucial for preventing DVT recurrence.
However, our study found poor medication compliance in 26.55% of patients, with 48.48% experiencing DVT recurrence.
To address this, enhanced patient education regarding the importance of medication adherence after discharge is
recommended.

Regarding compliance with wearing elastic stockings, medical elastic stockings are designed to reduce pressure
gradients in deep veins, aiding in DVT prevention. However, evidence from large placebo-controlled trials over a two-
year period has shown no significant benefit of wearing elastic stockings[22]. Consequently, current clinical practice
guidelines do not recommend their routine use for the prevention of DVT.

Peripheral blood D-D levels, which indicate fibrin degradation, increase during acute thrombosis and may also
increase with age, infection, or other inflammatory conditions[23]. These levels have some certain value in predicting
DVT. In fact, Jiang et al[5] found that plasma D-D levels in 100 healthy participants were significantly higher in the high-
altitude group than in the low-altitude group (103 participants). Patients with peripheral blood D-D levels > 0.84 mg/L at
discharge had an increased risk of late DVT recurrence.

Finally, abnormal FDP elevation often indicates the active degradation of fibrin in the body. Our study found that
peripheral blood FDP levels > 4.53 mg/L were predictive of later DVT recurrence. Therefore, clinicians should closely
monitor patients with high peripheral blood D-D and FDP levels at discharge, and provide comprehensive disease
education.

These results suggest that the nomogram model intuitively indicates the contribution of each variable to the final
outcome, offering insights into the risk of thrombotic recurrence in patients with lower-extremity DVT complicated by
HAPC in highland areas. The H-L deviation test of the model resulted in a Chi-squared value of 0.873 and P > 0.05,
suggesting satisfactory goodness-of-fit. The C-index was 0.887 (95%CI: 0.799-0.997), indicating high accuracy and differ-
entiation capabilities of the nomogram model.

CONCLUSION

In conclusion, our study identified age, braking during follow-up, medication compliance, compliance with wearing
elastic stockings, and peripheral blood D-D and FDP levels as independent risk factors for thrombotic recurrence in
patients with lower-extremity DVT complicated by HAPC. Moreover, the nomogram model constructed based on these
findings demonstrated efficacy in predicting thrombosis recurrence in patients after discharge. However, the patients in
the current study were all from the same hospital, and the number of samples was limited. In the future, larger samples
and multicenter studies are expected to further improve the accuracy of the nomogram model to help predict the
recurrence of thrombosis in patients with lower-extremity DVT combined with HAPC.
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