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ABSTRACT

Objectives This study aims to develop and internally
validate a prediction model, which takes account of
multivariable and comprehensive factors to predict the
prolonged length of stay (LOS) in patients with lower
extremity atherosclerotic disease (LEAD).

Design This is a retrospective study.

Setting China.

Participants, primary and secondary outcomes Data
of 1694 patients with LEAD from a retrospective cohort
study between January 2014 and November 2021 were
analysed. We selected nine variables and created the
prediction model using the least absolute shrinkage

and selection operator (LASSO) regression model after
dividing the dataset into training and test sets in a 7:3
ratio. Prediction model performance was evaluated by
calibration, discrimination and Hosmer-Lemeshow test.
The effectiveness of clinical utility was estimated using
decision curve analysis.

Results LASSO regression analysis identified age,
gender, systolic blood pressure, Fontaine classification,
lesion site, surgery, C reactive protein, prothrombin time
international normalised ratio and fibrinogen as significant
predictors for predicting prolonged LOS in patients with
LEAD. In the training set, the prediction model showed
good discrimination using a 500-bootstrap analysis and
good calibration with an area under the receiver operating
characteristic of 0.750. The Hosmer-Lemeshow goodness
of fit test for the training set had a p value of 0.354. The
decision curve analysis showed that using the prediction
model both in training and tests contributes to clinical
value.

Conclusion Our prediction model is a valuable tool using
easily and routinely obtained clinical variables that could
be used to predict prolonged LOS in patients with LEAD
and help to better manage these patients in routine clinical
practice.

INTRODUCTION

Lower extremity atherosclerotic disease
(LEAD) is a manifestation of peripheral
arterial disease (PAD), which acts as a
systemic type of atherosclerosis affecting the
peripheral arteries.! According to the latest
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= A multivariable risk prediction model for predicting
prolonged length of stay (LOS) was established in
lower extremity atherosclerotic disease patients
with (LEAD).

= Risk factors included in the prediction model are ac-
cessible from hospital’s information systems.

= The established prediction model for the prolonged
LOS of LEAD can be used as a good prediction tool
in clinical practice.

= There was only one centre in which we conducted
our study, limiting the generalisability of our findings
to other centres and countries.

= The results may be influenced by other factors une-
valuated by the data sources.

epidemiological data, LEAD affects more
than 230million adults worldwide.® LEAD
has a wide range of clinical manifestations,
including asymptomatic individuals and
those with leg symptoms.” Clinically, the most
severe outcome is critical limb ischaemia,
which involves rest pain, ulcers, gangrene and
possible amputation.*® In spite of its wide-
spread prevalence and clinical significance,
LEAD was historically underestimated by
patients and healthcare professionals. Some
patients with symptomatic and more severe
LEAD require hospitalisation for vascular
treatment. However, a previous study showed
that patients with LEAD with similar symp-
toms and signs had a less consistent length
of stay (LOS).® These discrepancies merit
further investigation.

LOS is one of many metrics being consid-
ered in the current effort to deliver health-
care more efficiently.” A protracted LOS is
an obvious cost-containment target, as it is an
indicator of efficiency and quality. The early
and accurate prediction of the LOS allows
for more efficient bed management, enables
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better resource allocation, shapes patient expectations
and facilitates discharge planning. This prediction can
provide a reference for patients who require the most
aggressive early intervention and those who require
moderate intervention for possible approaches to prevent
prolonged LOS.

Growing evidence indicates that some risk factors are
single independent predictors of prolonged LOS in
patients with PAD. According to Siracuse et al, severe PAD
indicators (eg, previous arterial surgery) were a signifi-
cant predictor of prolonged LOS after bypass surgery for
patients with severe PAD with critical limb ischaemia.® A
study by Seo et al showed that prolonged postoperative
LOS in patients with PAD was related to the severity of the
disease.” Researchers found that factors such as diabetes
mellitus and bypass surgery predict increased LOS in
patients with PAD."” Additionally, Liders et alrevealed that
anaemia is the driver of longer LOS."" While the above-
mentioned and other factors were found as independent
predictors for predicting prolonged LOS in patients with
LEAD, and there is still no multivariable and comprehen-
sive model to systematically predict prolonged LOS for
patients with LEAD. Additionally, with the advancement
of medicine, studies have confirmed that clinical events
are affected mainly by a series of factors, and there is a
relatively complex interaction between the factors. Based
on the above factors, we developed a prediction model to
help identify inpatients’ diagnosis with LEAD or LEAD
was included as one of several ancillary diagnoses at
admission who are likely to have a prolonged LOS.

METHODS

Patients and study design

We included patients who had the admitting diagnosis
of LEAD or LEAD was included as one of several ancil-
lary diagnoses on a patient admitted to the hospital with
another primary diagnosis and who were treated at the
vascular thyroid surgery department of the First Hospital
of China Medical University (tertiary teaching hospital)
between January 2014 and November 2021. The defini-
tive diagnosis of LEAD is made by the physician(s) based
on the patient’s symptoms, signs, examination results
and according to the Chinese LEAD diagnostic criteria
(Version 2007).'2 Most patients were discharged home,
others were discharged to a skilled nursing facility or
rehabilitation facility. The discharge criteria are target
vessel lesion opening with no significant complications.13

Patient and public involvement

Patients and/or the public were not involved in the
design, or conduct, or reporting, or dissemination plans
of this research.

Collection of demographic and laboratory data

Patient data were obtained from the electronic medical
records system of the First Hospital of China Medical
University by a trained abstractor using the International

Classification of Diseases-10 (ICD-10) codes (170.203)
for LEAD. The demographic data included gender, age,
systolic blood pressure (SBP), diastolic blood pressure
(DBP), pulse rate, surgery, lesion site, symptoms and
signs, and existing disease diagnosis. According to the
patient’s symptoms and signs, Fontaine classification was
performed.'* Additionally, we calculated the age-adjusted
Charlson Comorbidity Index (ACCI)'® based on age and
existing disease diagnosis. The ACCI is used to assess the
impact of comorbidities (eg, diabetes, myocardial infarc-
tion, chronic kidney disease, etc) on the prognosis of
patients except for the diseases currently being treated.
The laboratory indicators included urea, total bilirubin
(TBIL), triglyceride (TG), C reactive protein (CRP), low-
density lipoprotein cholesterol (LDL-C), homocysteine
(Hcy), high-density lipoprotein cholesterol (HDL-C),
cystatin C (CysC), fibrinogen (FIB), D-dimer, activated
partial thromboplastin time (APTT), thrombin time
(TT), prothrombin (PT) and prothrombin time inter-
national normalised ratio (PT-INR). All demographic
and laboratory data were collected at the time of admis-
sion, and biochemical parameters were measured by the
clinical laboratory at the First Hospital of China Medical
University (Shenyang, China). We included the variables
based on the prior studies’ '*'” and clinically relevant to
LEAD and LOS in the prediction model as candidate
predictors. The following 23 variables were finally iden-
tified: gender, age, SBP, DBP, pulse rate, type of surgery,
lesion site, Fontaine classification, ACCI, urea, TBIL, TG,
CRP, LDL-C, Hcy, HDL-C, CysC, FIB, D-dimer, APTT,
TT, PT and PT-INR. The outcome variable of LOS was
calculated based on the number of days from admission
to discharge date. The median LOS for all patients was
10 days (IQR=7-14 days). As most studies of prolonged
LOS in patients with PAD have used the median LOS as
the segmentation point for prolonged LOS."*" The data
of LOS in this study showed a non-normal distribution,
so we defined the outcome variable of prolonged LOS as
longer than the median LOS of 10 days.

Statistical analysis

The dataset was then divided randomly into training
and test sets in a 7:3 ratio, and variables were compared
between the two sets. Numbers and percentages were used
for categorical variables, and differences between binary
variables were compared using the ¥ test. The Wilcoxon
rank sum test was performed to analyse the ordered cate-
gorical variable (Fontaine classification). Kolmogorov-
Smirnov test was used to determine the normality of
continuous variables. There was no normal distribution
of continuous variables, and the median and IQR were
presented. We then used Mann-Whitney Wilcoxon U tests
to compare continuous variables.

We developed a prediction nomogram for prolonged
LOS using the least absolute shrinkage and selection
operator (LASSO) logistic regression in selecting the
significant predictive factors. The prediction model in
this study was developed based on the logistic regression
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model. The multivariate logistic regression analysis was
performed across the training set to identify the associ-
ations between the predictors and outcome. We calcu-
lated the proportion of missing data for each predictor
variable (online supplemental table 1), and then missing
data were imputed by multiple imputations using linear
regression for continuous variables and logistic regres-
sion model for binary variables. Prediction model perfor-
mance was evaluated by calibration and discrimination. A
receiver operating characteristic (ROC) curve was used
to determine the model’s discriminatory ability.”’ For
the calibration of the prediction model, a visual calibra-
tion plot was used to compare the predicted and actual
probabilities that the LOS>10 days would be below the
predefined threshold. Additionally, 500 bootstraps resa-
mples were conducted for internal validation to evaluate
the predictive accuracy of the model. We analysed the
training and test datasets using decision curve analysis to
estimate the prediction model’s clinical utility at different
threshold probabilities.'

Analyses were conducted with two-tailed tests, and a
value of p<0.05 was considered statistically significant. We
analysed the data using Stata V.16.0 (StataCorp, College
Station, Texas, USA) and R V.3.6.0 (R Foundation for
Statistical Computing, Vienna, Austria).

RESULTS

Characteristics of the training and test sets

There were 1696 patients diagnosed with LEAD. After
excluding two patients without LOS data, a total of 1694
patients were finally included in this study. The median
LOS for patients with open surgery was 10 days (IQR=7-14
days), endovascular surgery was 16 days (IQR=12-21
days) and no surgery was 8days (IQR=6-11 days). By
using multivariate logistic regression analysis with the
predictors in the training set, this study found that female
and type of surgery were significantly associated with the
LOS (all p<0.05) (online supplemental table 2). A total
of 1186 patients were assigned to the training set and 508
to the test set (see figure 1 for details). A summary of the

Patients with lower extremity
atherosclerotic disease (n = 1696)

Patients with missing data on
length of stay (n = 2)

Patients with valid data on length
of stay (n = 1694)

7:3 random grouping

Training set (n = 1186) Test set (n = 508)

Length of stay < 10
days group (n = 655)

Length of stay > 10
days group (n =531)

Length of stay < 10
days group (n = 283)

Length of stay > 10
days group (n = 225)

Figure 1 Flow chart of study participants.

baseline characteristics of patients in the training and
test datasets can be found in table 1. Test and training
sets had no significant differences (all p>0.05). No
apparent differences were found between LOS<10 days
and LOS>10 days except for gender and type of surgery
among the test set (p<0.05).

Predictor variables and construction of the model

Nine potential predictors were obtained after incorpo-
rating the 23 variables listed in table 1 into the LASSO
regression model. The coefficient profile plot was then
constructed (figure 2A). A cross-validation plot for the
LASSO regression model is shown in figure 2B. The final
predictive model included nine independent predictors
(FIB, PT-INR, CRP, type of surgery, lesion site, Fontaine
classification, SBP, gender and age).

Development of a nomogram

The nomogram was developed based on the above inde-
pendent predictors (figure 3). The sum of the points
assigned to each factor in the nomogram can be used to
calculate the risk of prolonged LOS. A high total point
score was associated with a prolonged LOS.

Performance of the prediction model

The prediction model demonstrated good discrimination
in the training set with an area under the ROC curve of
0.750 (figure 4A). According to the calibration plot for
the probability of prolonged LOS, the points are close
to the 45° line, indicating good agreement between the
prediction and observation (online supplemental figure
1A). As shown in the test set, the prediction model showed
an area under the ROC curve of 0.708 with satisfactory
discrimination for prolonged LOS (figure 4B). A rela-
tively good calibration was also found in the test set for
risk estimation (online supplemental figure 1B). Addi-
tionally, decision curve analysis estimates the net benefit
of screening at all possible thresholds. The results of DCA
in the training set and the test set show that the threshold
probabilities are 35%—69% and 37%-74%, both of which
show high threshold ranges and present certain clinical
values (online supplemental figure 2).

DISCUSSION
To our knowledge, this study is the first to develop a multi-
variable and comprehensive prediction model based on
widely and routinely available clinical data to predict
prolonged LOS for patients with LEAD. The prediction
model integrates nine main predictors, including age,
gender, SBP, Fontaine classification, lesion site, surgery,
CRP, PT-INR and FIB. The validation and test sets showed
good discrimination and satisfactory calibration. In our
study, the calibration plots showed good agreement
between the model predictions and actual observations,
further verifying the mode’s reliability.

When hospitalisation was required, patients stayed for a
long time (median of 10 days). It reflects the vulnerability

Wang X, et al. BMJ Open 2023;13:€069437. doi:10.1136/bmjopen-2022-069437

3


https://dx.doi.org/10.1136/bmjopen-2022-069437
https://dx.doi.org/10.1136/bmjopen-2022-069437
https://dx.doi.org/10.1136/bmjopen-2022-069437
https://dx.doi.org/10.1136/bmjopen-2022-069437
https://dx.doi.org/10.1136/bmjopen-2022-069437
https://dx.doi.org/10.1136/bmjopen-2022-069437

(€0

Open access

panuniuo)
€EL'0  6EV0 (Se'1-1¥'0) 1970 (#1°1-9€°0) 1970 LLO0 (65" 1-2v'0) €20 (S1'1-8€°0) 29°0 (G2'1-6€°0) 99°0 (4oI) uelpaw ‘(7/6w) Jowip-q
9/80 9LL0 (62's-e€¢) LIy (co's-6L'¢) 98°¢c 020°0 (r9's-0g¢) SO'Y (L6'7-02°¢) 68°€ (ces—vee) L6 (4ol) ueipaw ‘(1/6) Q14
2.0  8€9°0 (ev'1-€6°0) LL'L (88" L-¥6'0) LL'L 0.0°0 (8e71-26°0) 80'L eV’ 1-v6°0) ¥1'L (17" 1-€6°0) LL'L (dol) uelpsw ‘(7/6w) OsAD
¥G6'0 160 (81°1-€8'0) 860 (81°L-¥8'0) 860 0180 (61°1-08'0) 860 (02'1-28'0) 860 (61'1-28°0086'0  (HOI) uelpsw ‘(7/]0ww) O-1AH
0le'0 G68°0 (02ZL-20°LL) LS'€l  (#6'61-9L°0L) 20'¥L 9100 (F9'8l-10°L1) g9l (¥6'91-0%'0L) 88°2 (6'21-8g°01) ze'€l (dol) ueipaw ‘(7/1owrl) AoH
2000  89€0 (ev'€-22'2) 682 (#S'€-2€72) 062 18€0 (ee-gl2) 622 (lv'e-81'2) 82 (ev'e-8L2) 18'¢  (HOI) uelpsw ‘(7/j0ww) O-1a7
0ve'0  89.°0 (55'92-9¢°¢€) 08'9 (0z'0e-0¢'¢) 06°2 gL (01'0e-09°€) 029 (0e'2-082) 009 (02£'92-02'¢) 029 (doI) uelpaw ‘(7/6w) 44O
12G°0 260 (Lrz-1oL) 2e71 (66'1-26°0) GE'L YAZAO) (88'1-66°0) €€°L (66°1-96°0) OF'L (96'1-26°0) GE'L (do|) uelpaw ‘(7/10ww) O1
688'0 9520 (00'€1-00'2) St'6 (0s'v1-01°2) 096 GvL0 (0£°21-002) 09°'6 (oc'el-0¢g2) 08'6 (oz'el-01'2) 09°'6 (dol) uelpaw ‘(7/10ww) 7191
LL6'0 0210 (e¢2°2-09'%) 20°9 (G2°1-26'%) €9 €000 (0v'2-29'%) ¥6'S (£6'2-20°9) ¥¥'9 (69°2-€8'%) 219 (doI) uelpsw ‘(7/10ww) eain
/880 /810 (00'¥-00"}) 00°2 (00'7-00'2) 00°€ 0610 (00'¥-00'2) 00°€ (00'v-00'2) 00°€ (00'v-0072) 00°€ (doI) uelpsw ‘(2109S) |DOV
(s8'v1) 0¢ (88°6) G¢ (19°'51) 69 (618) 9 (So'LL) oL Nl Sse|D
(66°0) ¢ (QLe) 8 (¥0'2) 6 (2972 S1 (ee72) € 1l sse|D
(02'08) 291 (ov'es) Lie (09°22) eve (1g'eg) LY (9g°18) 2811 Il sse|D
(96'¢) 8 (9s°¢) 6 (S29) 12 (res) og (99'%) 89 | sse|D
991°0 9G1°0 700°0 (%) U ‘uoneolIsse|O BuBIUO
(€6°09) 601 (86°G9) Gl (0L'6v) L (8e'v9) €2¢ (69°29) ve8 squli| Jemo| [eJsie|ig
(20'6%) SO eovy) v1L (0g'09) 052 (co'sy) 122 (Le'2¥) ovL qui| Jomo] [esale|iun
/650 €20 €20 (9) U ‘ayis uoIsa
(Z¥°09) OE L (80'89) 2.1 (S9'v9) 9/2 (L2'e9) 6.€ (¢6°09) 296 Jejnosenopug
(S9'v2) €5 (22°9)SL (L1'62) L7 L (re'q) 2 (ro'sl) L¥e usdo
(88'v1) ¢¢ (G1'92) 89 (reol) e8 (6e1€) 881 (ev'ee) 0L€ ON
OvL'0  +00°0> 100°0> (%) u ‘Aisbins jo adAL
(dol) ueipaw
00v'0  1eS0 (09°¢6-05'22) 0078  (0G°06-00°9Z) 00°28 2o (00'16-00°12) 00°k8  (00°€6-00°GZ) 0008  (00°26-00°GZ) 00°L8 ‘(eanuiw Jed syeeq) sjed 8sind
19’0 1620 (05'98-09/9) 009/,  (00'88-05'69) 00°6. €100 (00'28-00°12) 00°08  (00°G8-00"29) 00°22  (00°98-00°69) 00’8/ (dol) uelpsw ‘(6H ww) 49a
(0sss1 (00191 (00’091 (00091t
18°0 0600 -00'921) 00°0% | -00°2€l) 0G° 211 08%°0 (00°091-00"2€1) 00'8Y L -00°LEL) 00°G¥ L -00°LEL) 00°9% | (dol) uelpsw ‘(bH ww) 49S
¥0.'0  S90°0 (00°9.-00°€9) 0089  (00°8.-00'%9) 00'0.L Ge0'0  (00'82-00'€9) 00'69 (00°82-00'%9) 00°L2  (00°82-00"%9) 00°0. (doI) uelpsw ‘(sieaA) oby
(8L¢l) L (0z'12) 09 (s6'91) 06 (rvee) Lyl (9c'61) 82E alewad
(cc98) v61 (08'82) €22 (Goes) Ly (95°27) 808 (¥9:08) 99¢ 1 SeN
€280 0€0°0 6100 (%) u tepusn
Gee €82 LES GG9 v691 u
anjen anjea d sfep 01<SO1 sfep 015SO7  anjend sfep 0L<SO1 shep 015S01 lejoL sa|qeLiep
d (806=u) 30s 1s3L (981 L=u) 10s Bulure.y
S19s 1891 pue Buluiesy ‘e101 8y} ul sjuaied syl Jo sonsusoeIey) | 9jqel

Wang X, et al. BMJ Open 2023;13:€069437. doi:10.1136/bmjopen-2022-069437



Continued

Table 1

Test set (n=508)
LOS<10 days

1186)

Training set (n
LOS<10 days

P value value

0.441

LOS>10 days

P value
0.882

0.111

LOS>10 days

Total

Variables

0.153
0.089
0.811

40.10 (36.05-43.75)
16.80 (16.00-17.70)
13.40 (12.80-14.30)

1.02 (1.00-1.11)

39.60 (36.00-43.10)
16.90 (16.20-17.70)
13.30 (12.80-14.00)
1.01 (1.00-1.08)

38.80 (35.30-43.40)
16.60 (15.90-17.50)
13.40 (12.80-14.20)

1.02 (1.00-1.10)

39.00 (35.80-43.00)
16.70 (16.00-17.60)
13.30 (12.70-14.10)

1.01 (1.00-1.09)

39.20 (35.80-43.20)
16.70 (16.00-17.60)
13.30 (12.80-14.20)

1.02 (1.00-1.09)

APTT (s), median (IQR)
TT (s), median (IQR)
PT (s), median (IQR)

0.230
0.469
0.104

0.212

0.713

0.055

PT-INR, median (IQR)

Hcy, homocysteine; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; PT, prothrombin; PT-INR, prothrombin time international normalised ratio;

ACCI, age-adjusted Charlson Comorbidity Index; APTT, activated partial thromboplastin time; CRP, C reactive protein; CysC, cystatin C; DBP, diastolic blood pressure; FIB, fibrinogen;
SBP, systolic blood pressure; TBIL, total bilirubin; TG, triglyceride; TT, thrombin time.

Total percentages within categories may not equal 100% due to rounding.

A B

/

Standardized coefficients
/
Cross-validation function

010

' A
001 i 010 Aer Cross-validation minimum lambda. A=.016, # Coeficints=0.

Figure 2 Coefficient path and cross-validation plot. (A)
Coefficient path plot. (B) Cross-validation plot. ACCI, age-
adjusted Charlson Comorbidity Index; APTT, activated partial
thromboplastin time; CRP, C reactive protein; CysC, cystatin
C; DBP, diastolic blood pressure; FIB, fibrinogen; Hcy,
homocysteine; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; PT, prothrombin;
PT-INR, prothrombin time international normalised ratio; SBP,
systolic blood pressure; TBIL, total bilirubin; TG triglyceride;
TT, thrombin time.

of specific older adult populations with other medical
problems requiring treatment, which may significantly
prolong the LOS. This long hospitalisation stay is a result
of a combination of other associated medical problems
and various social reasons.

During patient hospitalisation, LOS is the mainstay of
quality assessment of care delivered.” The LOS can serve
as a benchmark for improving care and is an easy metric
to measure for administrators.” Predicting patients at
risk of prolonged LOS using this prediction model with
nine variables is also helpful for vascular care teams
and patients. When a patient is most likely to require
prolonged LOS, resource planning and psychological
preparation for the patient and their caregivers can be
performed.

Age

Gender
Female Male

sep T e
7054 12055 18855 24756

Fontaine classification

1 [ w v

Lesion site

Type of surgery

RP
13694 2650

PTINR

FIB

Prob ¢ fg 020 030 0% o050 o060 070 1) 0%o 0ds

T T T T T T T T T T T T T T T T T
0 5 10 15 20 25 30 35 40 45
Total score

Figure 3 Establishment of a nomogram for the prediction
of prolonged length of stay. The nomogram was developed
in training set by incorporating the following nine variables:
age (years), gender (male, female), SBP (mm Hg), Fontaine
classification (I, I, llI, 1V), lesion site (unilateral lower

limb, bilateral lower limbs), type of surgery (no, open,
endovascular), CRP (mg/L), PT-INR and FIB (g/L). CRP, C
reactive protein; FIB, fibrinogen; PT-INR, prothrombin time
international normalised ratio; SBP, systolic blood pressure.
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!
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!
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1 - Specificity 1 - Specificity

Figure 4 Receiver operating characteristic (ROC) curves of
the lasso model in the training and test sets. (A) Training set.
(B) Test set.

This study showed that younger age was one of the
predictors to predict prolonged LOS in patients with
LEAD. LEAD is primarily viewed as a problem for
older adults since its prevalence is strongly related to
age.**® According to previous reports, younger patients
may be more likely to have lesions affecting7 the more
proximal circulation than older patients.*® * Addition-
ally, compared with older patients, younger patients tend
to have more aggressive disease processes, need multiple
revascularisations, have a higher mortality rate and
increased amputation rates.*>" Meanwhile, a study by
Kim et alalso indicated that younger patients with chronic
limb-threatening ischaemia undergoing lower extremity
revascularisation had a longer LOS during the perioper-
ative period than older patients.”’ In addition, younger
patients tend to be more active in treatment once they
become ill and are more concerned and cautious about
their health problems.” ** The comprehensive examina-
tion and diagnosis and treatment needs of patients may
also be the reasons for the prolonged LOS of younger
patients.

Our study found that gender was a significant predictor
of prolonged LOS, and prolonged LOS was more common
in males. Several studies have suggested that patients
with PAD have different clinical outcomes depending on
their gender. Men with symptomatic PAD had a higher
risk of long-term adverse cardiovascular events and
mortality.”* Hicks et al also found that white men were at
a greater risk of PAD-related hospitalisation than white
women.” In another study, Al-Omran ¢t al indicated that
men were more likely to suffer major amputations after
revascularisation procedures.”® Similarly, BudtzLilly et al
reported that men who underwent surgery for PAD had
a high mortality risk and adverse cardiovascular events.”’
Furthermore, the longer LOS in men may be associated
with more male smokers and the increased degree of
vascular damage and associated complications related to
this behaviour.”™ *

There is a close correlation between SBP and a higher
risk of adverse events for patients with PAD. A study
of 13885 participants with symptomatic PAD showed
that high SBP increased the risk of ischaemic limb
events.”’ Similarly, in another study of 8139 patients with

symptomatic vascular disease, the risk of adverse limb
events was related to SBP.*' As adverse limb events were
related to extended LOS,42 the association of elevated
SBP with an increased risk of adverse limb events may
account for longer LOS.

Regarding the Fontaine classification, disease severity
was also correlated with LOS. For instance, Seo ef alfound
that the severity of critical limb ischaemia was associated
with prolonged LOS between the milder and severe
groups.” Moreover, Kohn et al showed that Fontaine clas-
sification III-IV PAD patients had a longer LOS than
Fontaine classification I-II PAD patients.'’ It was also
confirmed in a study conducted by Trenner et al that the
median LOS increased from 2days in Fontaine classifi-
cation I or IIb to 14 days in Fontaine classification IV.*
Therefore, the above-mentioned studies could support
our findings that the Fontaine classification is an essential
predictor of prolonged LOS in patients with LEAD.

Our results have also shown that lesion site and type
of surgery are factors for predicting prolonged LOS.
As patients who need surgery and have bilateral lower
extremity lesions are in a relatively severe condition at
admission. The surgical procedure causes additional
trauma to the body, requiring more time to recover.**
Therefore, patients with surgery (open or endovascular)
had to undergo traumatic treatment and then have a
longer LOS. The LOS in this study was similar to previous
studies of PAD in China.®'** But it is longer than some
studies from Western countries.'” * The research popu-
lation of this study is individuals with a median age of 70
years. This specific population is often complicated with
other chronic diseases, and these complicated chronic
diseases may increase hospitalisation time. Additionally,
in China, the LOS tends to be much longer than that
in Western countries because of the difference in social
and medical systems. Patients in China basically return
home directly after discharge so that they tend to stay
at the hospital until they get a substantial recovery and
target vessel lesion opening with no significant compli-
cations. And medical insurance companies only pay for
medical expenses during hospital stays in China."” Most
of the comprehensive assessments were performed after
patients were admitted to the hospital, which may signifi-
cantly prolong the LOS.* This prolonged LOS is a result
of a combination of the above associated medical issues.

Furthermore, biological markers such as CRP, PT-INR
and FIB were identified as predictors for predicting
prolonged LOS. A systematic review indicated that high
baseline CRP levels could predict adverse limb events
in patients with PAD who underwent lower limb revas-
cularisation.” Another systematic review also showed
that plasma biomarkers such as high-sensitivity CRP and
FIB were related to mortality and cardiovascular events
in patients with PAD.” Moreover, there is evidence that
PT-INR is related to increased bleeding risk. Addition-
ally, a retrospective cohort study indicated that preopera-
tive PT-INR is independently and significantly related to
postoperative major bleeding and mortality.”" Similarly,
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Faisal et alfound that elevated PT-INR was a risk factor for
rebleeding in patients with acute variceal haemorrhage
after band ligation.” Bleeding complications can lead to
prolonged LOS.”*"*

In addition, there may have other variables that can
prolong LOS. For example, previous studies have found
that non-Caucasian race,8 Asian or Pacific Islanders®® and
depression™ were related to increased LOS of patients
with PAD. Some prehospital predictors (eg, emergency
admission) have also been shown to increase LOS.!" %
However, all the patients in this study are Asian, race did
not apply to the study population. The mental health
status and prehospital condition of the patients are not
the contents of the hospital’s routine medical records,
and with the limitations of retrospective studies, so we
did not include the above variables in this study. Future
research on the prediction model of LEAD patients’
prolonged LOS should include some other indicators
that may potentially affect LOS.

Previous studies on the LOS of patients with PAD have
used multivariate logistic regression models,”” *® zero-
truncated negative binomial regression,” multivariate
stepwise regression analysis,”’ machine learning algo-
rithms® % to conduct forecasting models for predicting
LOS. The above methods have their own applicability
and characteristics. Based on the data characteristics of
this study, we selected multivariate logistic regression, and
other modelling methods may be considered in future
studies.

Prior studies have shown that comorbidities (eg,
diabetes mellitus,"” dialysis dependence and severe
cardiac and pulmonary disease”) can affect the LOS in
patients with PAD. Considering ACCI’s comprehensive
assessment of patients’ complications or comorbidities,
we use it as a candidate predictor to build the predictive
model.

Our prediction model fills a gap in the lack of compre-
hensive model knowledge for predicting prolonged LOS
in patients with LEAD. The focus of previous studies on
patients with LEAD or PAD has been mainly on long-term
outcomes such as mortality and functional decline.”® **
As mentioned above, this study explored a short-term
outcome that might be easier to predict during LEAD
treatment. The shorter interval between our baseline
clinical assessments and the outcome of interest could
have facilitated the high accuracy of our models since
fewer confounders would have been identified than in
long-term studies. Additionally, all variables included in
our models are clinically available and routinely tested,
and existing evidence indicates they are associated with
patient-centred outcomes. For instance, CRP, FIB, age
and male gender have been shown to predict adverse
outcomes in patients with LEAD or PAD.*** %

Several limitations in the study may merit consider-
ation. First, this study was conducted in only one centre
despite being performed on a large cohort. The results
cannot be generalised to other centres and countries, and
additional studies are required to validate our prediction

model at other centres worldwide. Second, due to the
limitation of a retrospective study, some possible impact
indicators (eg, depression, emergency admission) have
not been included in this study. Third, although the
internal validation dataset of this study showed moderate
discrimination and calibration, the lack of external vali-
dation of our findings may cause the overfitting of the
selected hyperparameters. It is essential of conducting
further to validate the results in external cohort studies.
Fourth, this study only used Fontaine classification to
determine clinical stages, additional Wify or global limb
anatomic staging system (GLASS) classification would be
beneficial and should be performed in future studies.
Finally, this study was a retrospective analysis, so further
randomised controlled trials will be necessary to confirm
the clinical benefits.

CONCLUSIONS

In conclusion, we have constructed a practical and person-
alised predictive tool for predicting prolonged LOS in
patients with LEAD. The proposed prediction model
considered nine independent risk factors including age,
gender, SBP, Fontaine classification, lesion site, surgery,
CRP, PT-INR and FIB. The prediction model showed its
accuracy, demonstrating good discrimination and satis-
factory calibration. Our model has potential significant
clinical utility and can be easily implemented in clinical
settings. With the application of this prediction model,
physicians and nurses could identify patients who are
more likely at a higher risk for prolonged LOS and facil-
itate the implementation of preventive strategies, such as
multidisciplinary care coordination and individualised
care pathways.
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