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Abstract

Background: Venous thrombosis is one of the most common perioperative complications in patients
with intertrochanteric femoral fractures. In severe cases, it may progress to pulmonary embolism,
adversely affecting postoperative recovery and prognosis. The proximal femoral nail antirotation
(PFNA) technique is a widely used internal fixation method for intertrochanteric femoral fractures;
however, postoperative venous thrombosis remains relatively common. Currently, assessment of
thrombosis risk after PFNA largely relies on clinical experience, and a simple and intuitive individ-
ualized prediction tool is lacking. This study aimed to identify the risk factors associated with post-
operative venous thrombosis in patients with intertrochanteric femoral fractures treated with
PFNA and to develop a nomogram prediction model to facilitate early identification of high-risk pa-
tients. Methods: Clinical data from 449 patients with intertrochanteric femoral fractures who un-
derwent PFNA fixation at the Affiliated Hospital of Qingdao University between January 2020 and
December 2024 were retrospectively collected. Patients were randomly divided into a training co-
hort (n = 314) and a validation cohort (n = 135) at a ratio of 7:3. According to the occurrence of
postoperative venous thrombosis, patients were classified into a thrombosis group and a non-
thrombosis group. Demographic characteristics, comorbidities, perioperative variables, and labor-
atory indicators were collected. Univariate and multivariate logistic regression analyses were per-
formed to identify independent predictors of postoperative venous thrombosis. A nomogram pre-
diction model was subsequently established based on the identified factors. Model discrimination
was evaluated using receiver operating characteristic (ROC) curves and the area under the curve
(AUC). Calibration curves were used to assess the agreement between predicted and observed prob-
abilities, while decision curve analysis (DCA) was performed to evaluate the clinical utility of the
model. Results: Among the 449 patients, postoperative venous thrombosis occurred in 92 cases,
yielding an overall incidence of 20.49%. Of these, 64 cases occurred in the training cohort and 28 in
the validation cohort. Univariate logistic regression analysis demonstrated that age, diabetes melli-
tus, cerebral infarction, time from injury to surgery, and duration of bed rest were associated with
postoperative venous thrombosis. Multivariate logistic regression analysis identified age (OR = 1.21,
95%CI: 1.12~1.31, P < 0.001) and duration of bed rest (OR = 1.49, 95%CI: 1.25~1.78, P < 0.001) as
independent risk factors for postoperative venous thrombosis. Absence of diabetes mellitus (OR =
0.23, 95%CI: 0.12~0.46, P < 0.001), absence of cerebral infarction (OR = 0.42, 95%CI: 0.21~0.86, P
= 0.017), and time from injury to surgery < 3 days (OR = 0.30, 95%CI: 0.16~0.59, P < 0.001) were
identified as protective factors. A nomogram prediction model was constructed based on these var-
iables. ROC analysis demonstrated that the model achieved an AUC of 0.827 (95%(CI: 0.769~0.885)
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in the training cohort and 0.824 (95%(CI: 0.741~0.907) in the validation cohort. Calibration curves
showed good agreement between predicted and observed probabilities in the training cohort, while
acceptable calibration performance was observed in the low- to moderate-risk range of the valida-
tion cohort. Decision curve analysis indicated that the model provided a positive net clinical benefit
across a range of threshold probabilities in both cohorts. Conclusions: Age, diabetes mellitus, cere-
bral infarction, time from injury to surgery, and duration of bed rest are important factors associ-
ated with postoperative venous thrombosis in patients with intertrochanteric femoral fractures
treated with PFNA. The nomogram prediction model developed based on these factors demon-
strated good discriminative performance and potential clinical utility, providing a practical tool for
individualized risk assessment of postoperative venous thrombosis.
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Table 1. Comparison of clinical and laboratory parameters between patients with and without postoperative venous thrombo-
embolism following PFNA fixation for femoral intertrochanteric fractures

= 1. IREAEEIE T EE PFNA R/GEHPKM4E4E 5 IEF bk M2 2R 16 R F R LA

fabr E'(Eﬁ(g %Jé)ﬂ %iﬂi( Jﬂﬁf SiitfE P A
(%) 69.00 (65.00, 72.00) 71.50 (68.75, 76.00) -5.418 <0.001
A, (%) 0.932 0.334
5 170 (47.62) 49 (53.26)
S 187 (52.38) 43 (46.74)
BMI (Kg/m?) 24.90 (22.30, 27.30) 24.60 (22.08, 26.95) —0.475 0.635
WS, (%) 1.033 0.309
H 127 (35.57) 38 (41.30)
¥ 230 (64.43) 54 (58.70)
TRB S, Bi(%) 0.604 0.437
H 128 (35.85) 29 (31.52)
& 229 (64.15) 63 (68.48)
FL A, (%) 0.032 0.858
) 167 (46.78) 44 (47.83)
7 190 (53.22) 48 (52.17)
WEERT, B(%) 17.977 <0.001
e 106 (29.69) 49 (53.26)
T 251 (70.31) 43 (46.74)
LR, (%) 0.395 0.530
e 105 (29.41) 24 (26.09)
b 252 (70.59) 68 (73.91)
AEEBE, (%) 10.675 0.001
H 80 (22.41) 36 (39.13)
X 277 (77.59) 56 (60.87)
ASA, #l(%) 3.209 0.201
2% 165 (46.22) 41 (44.57)
3% 174 (48.74) 50 (54.35)
4% 18 (5.04) 1 (1.09)
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JREETT G B(%) 0.390 0.533
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T2 5 471 JBR 181 (50.70) 50 (54.35)
ZAHBITF RIS, (%) 14.472 <0.001
>3 K 107 (29.97) 47 (51.09)
3K 250 (70.03) 45 (48.91)
FARMA, #(%) 0.133 0.715
ti 202 (56.58) 54 (58.70)
Vi 155 (43.42) 38 (41.30)
i, (%) 0.230 0.631
2 122 (34.17) 29 (31.52)
75 235 (65.83) 63 (68.48)
FAREE (538 65.00 (60.00, 70.00) 65.00 (55.00, 70.00) -1.578 0.115
A = (=) 135.00 (100.00, 175.00) 135.00 (95.00, 175.00) -0.037 0.971
B PRES () 8.00 (7.00, 10.00) 10.00 (8.00, 12.00) —4.529 <0.001
12 (/L) 42.80 (40.60, 45.20) 42.65 (40.50, 45.42) -0.033 0.974
AT H(g/L) 134.00 (126.00, 142.00) 134.00 (125.00, 141.00) —0.328 0.743
C 38 H(mg/L) 3.40 (2.70, 4.10) 3.05 (2.50, 3.90) -1.862 0.063
MYl (mm/h) 9.00 (5.00, 13.00) 9.00 (6.00, 13.00) -0.015 0.988
D —®{&(ng/mL) 182.00 (146.00, 214.00) 177.00 (149.25, 212.00) —0.059 0.953
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FIEPRISH(OR = 1.49, 95%CI: 1.25~1.78, P < 0.001)/& PFNA A J& # ik Mk & AE IO fERE R 3 Tk IR
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ARIFA] <3 d (OR =0.30, 95%CI: 0.16~0.59, P < 0.001) N{RF R 2, W# 2.

Table 2. Univariate and multivariate Logistic regression analyses of risk factors for postoperative venous thromboembolism

following PFNA fixation of femoral intertrochanteric fractures

2. IREMAEEIE T EE PFNA REEIKMEIIE RN AR R R ZE R Logistic EYASH

febi BRI A Z R
; OR (95%CT) P 8 OR (95%CI) P

S 0.16 1.17 (1.09~1.25) <0.001 0.19 1.21 (1.12~1.31) <0.001
P53

3B 1.00 (Reference)

% -0.22 0.80 (0.46~1.39) 0.431
BMI —0.03 0.97 (0.89~1.07) 0.580
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3
WRJH B2
H 1.00 (Reference)
- —-0.11 0.89 (0.51~1.57) 0.694
R
H 1.00 (Reference)
x5 0.18 1.20 (0.66~2.15) 0.553
[Nz
H 1.00 (Reference)
o —0.07 0.94 (0.54~1.62) 0.815
PRI
H 1.00 (Reference) 1.00 (Reference)
o —1.03 0.36 (0.20~0.63) <0.001 —1.45 0.23 (0.12~0.46) <0.001
Lo IR
B 1.00 (Reference)
o —0.01 0.99 (0.54~1.83) 0.984
IiAESE
H 1.00 (Reference) 1.00 (Reference)
& —-0.77 0.46 (0.26~0.83) 0.009 —0.86 0.42 (0.21~0.86) 0.017
ASA
2% 1.00 (Reference)
3% 0.26 1.30 (0.74~2.28) 0.357
4% -0.71 0.49 (0.06~4.03) 0.507
PRI 77 X
4 5 FREF 1.00 (Reference)
IR JI65 471 PR e 0.33 1.39 (0.80~2.42) 0.240
S A0 BT A ]
>3 K 1.00 (Reference) 1.00 (Reference)
<3 R —0.86 0.42 (0.24~0.74) 0.002 -1.19 0.30 (0.16~0.59) <0.001
FARM 5
H 1.00 (Reference)
Vs -0.11 0.90 (0.51~1.57) 0.710
f 1.
& 1.00 (Reference)
i 0.21 1.24 (0.69~2.23) 0.478
F A [A] —0.03 0.97 (0.94~1.00) 0.067
AR HH I 0.00 1.00 (0.99~1.01) 0.779
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ENZNINRIS 0.29 1.34 (1.16~1.55) <0.001 0.40 1.49 (1.25~1.78) <0.001
HEH -0.02 0.98 (0.89~1.09) 0.726
maEs -0.02 0.98 (0.95~1.01) 0.134
C RMEH -0.27 0.77 (0.52~1.12) 0.169
1 -0.03 0.97 (0.91~1.04) 0.380
D =Rk 0.00 1.00 (0.99~1.01) 0.740
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Figure 1. Nomogram for predicting postoperative venous thrombosis after PFNA in

patients with intertrochanteric femoral fractures

Bl 1. BREHEEEE I B E PFNA AREFRAKIAE XUE TR 712k E 15 2

3.5. REIX S HENTEMN
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Figure 2. Receiver operating characteristic curves of the nomogram model. (a): Training cohort; (b): Validation cohort
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Figure 3. Calibration curves of the nomogram model. (a): Training cohort; (b): Validation cohort
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Figure 4. Decision curve analysis of the nomogram model. (a): Training cohort; (b): Validation cohort
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