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limb ischemia patients treated

by catheter directed thrombolysis
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To investigate the change trends of plasma D-dimer during catheter-directed thrombolysis (CDT) in
acute lower limb ischemia (ALI) patients and their clinical value. A retrospective review of patients
with ALl who received CDT was carried out. The repeated measurements of plasma D-dimer were
analyzed by generalized estimating equations (GEEs) and the change trends of D-dimer were analyzed
by spline regression approach. A total of 150 patients were included. Among them, 3 days of CDT was
ineffective in 41 cases, effective in 33 cases and markedly effective in 76 cases. The results of GEEs
analysis showed that serum D-dimer changed significantly with time (time effect, P <0.001). Serum
D-dimer levels of patients with different treatment outcomes were different after treatment (group
effect, P <0.001), and serum D-dimer levels in these three groups showed different trends over time
(group*time effect, P <0.001). The different trends in serum D-dimer level with time after treatment in
the three groups could be directly seen in the spline regression curve (P <0.001). The plasma D-dimer
changes regularly during CDT for ALI. We can predict the efficacy of CDT and guide adjustments of the
therapeutic regimen according to the trend of D-dimer changes during thrombolysis.

Acute lower limb ischemia (ALI) is caused by a reduction in arterial perfusion in the limb due to embolic migra-
tion or local thrombosis. In addition to the risk of limb damage or loss, it can cause life-threatening complications
related to metabolic conditions triggered throughout the body. ALI should be treated urgently'. Catheter-directed
thrombolysis (CDT) has been used for the treatment of ALI for over 20 years?*. Thrombolytic therapy can cause
significant changes in plasma D-dimer>”. D-dimer is a soluble fibrin degradation product that is the result of the
orderly breakdown of thrombi by the fibrinolysis system. Its level is commonly used in the clinical diagnosis and
treatment evaluation of venous thromboembolic (VTE)®. Thrombolytic efficacy can be evaluated by monitoring
plasma D-dimer levels during CDT in patients with deep vein thrombosis®!. Before and after thrombolysis, the
changes in plasma D-dimer levels are also considered to be significantly correlated with coronary recanalization,
which could be used to predict the thrombolysis efficacy after acute myocardial infarction®”.

The correlation between plasma D-dimer level and reperfusion has not yet been clarified in CDT applied for
patients with ALIL Therefore, the purpose of this study was to investigate the correlation between the change
trends of plasma D-dimer levels before and after CDT in ALI and lower limb arterial recanalization and whether
the plasma D-dimer levels could predict the efficacy of thrombolysis.

Methods

Ethics and consent statement. This retrospective cohort study was approved by the Medical Ethics
Committee of Ganzhou People’s Hospital, and the experiments were carried out in accordance with the approved
guidelines. For this retrospective study, informed consent was waived by the Medical Ethics Committee of Gan-
zhou People’s Hospital.

Study population. We retrospectively analyzed consecutive patients with ALI treated with CDT at Gan-
zhou People’s Hospital from January 2013 to December 2019. Inclusion criteria: Patients receiving CDT intra-
vascular treatment for ALI who were treated for at least 3 days. The exclusion criteria were as follows: (1) nona-
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cute lower limb ischemia; (2) incomplete data; (3) patients receiving mechanical thromboembolism treatment;
and (4) CDC duration shorter than 3 days.

The data of interest were collected through the electronic medical record system, focusing on plasma D-dimer
levels during thrombolysis. In addition, according to the research needs, we collected the basic information
of the eligible patients, including gender, age, alcohol consumption, smoking, degree of ischemia (Rutherford
classification!!), artery occlusion site, length of the thrombolytic catheter, and urokinase usage. Comorbidities
of the patients were also collected, including hypertension, diabetes mellitus, atrial fibrillation, ischemic heart
disease, cerebrovascular disease, renal insufficiency, chronic obstructive pulmonary disease, hyperlipidemia,
and liver function.

CDT procedure. The CDT procedure involves placing a multihole infusion catheter (Unifuse, AngioDy-
namics) into the thrombosis occlusion arterial segment of the lower limb under the guidance of digital subtrac-
tion angiography (DSA) and continuous infusion urokinase through the catheter. Urokinase was used at a dose
of 30,000 to 50,000 U/h and then adjusted in accordance with the plasma fibrinogen levels. Thrombolysis would
be stopped if the thrombus was completely dissolved or if the patient’s plasma fibrin level was<1 g/L or compli-
cations of severe hemorrhage (such as bleeding at the puncture site or other sites) occurred after thrombolysis.

Plasma D-dimer level monitoring. Blood samples to measure circulating levels of plasma D-dimer were
collected from the peripheral blood on admission, and serial samples were then collected at 8, 16, 24, 32, 40, 48,
56, 64, and 72 h post-CDT. At least 10 repeated measurements of plasma D-dimer were performed in each case.

Grouping. For the purpose of this analysis, the patients were further divided into three subgroups depend-
ing on the immediate imaging results of the DSA images taken on the third day of CDT and limb distal arterial
pulsation and patient symptom improvement.

Markedly effective group. DSA images showed occluded segment fully open; pulsation of the dorsal foot artery
and/or posterior tibial artery were palpable; and the lower extremity pain completely disappeared.

Effective group. DSA images showed that the occluded segment was completely or partially unobstructed. The
dorsal foot artery and/or posterior tibial artery pulses were not detectable, but the skin temperature of the lower
extremity was warm, and the pain was relieved.

Ineffective group. DSA images showed the occluded segment was still obstructed; the dorsal foot artery and/or
posterior tibial artery pulses were not palpable; and the lower extremity pain did not improve.

Statistical analysis. SPSS software package version 24.0 (IBM, Armonk, NY, USA) and the R Program-
ming Language (version 4.0.3) was used for data management and statistical analysis. The nonparametric data
were expressed as medians (interquartile ranges, IQR), and categorical data were presented as percentages. The
ordinal data for the three groups was analyed by Kruskal Wallis Test. The data of repeated measurements of
plasma D-dimer obtained from the three groups in the research process were longitudinal data, and each data
was not independent, and its intra-group correlation could not be ignored. In order to get a more accurate
conclusion, the effect of thrombolysis in the three groups was statistically analyzed by the statistical approach of
generalized estimating equations (GEEs) base on gamma distribution.

Spline regression approach was used to analyze the change trends in the D-dimer levels among the three
groups by R Programming Language. All tests were two-sided with a significance level of 0.05.

Results

General data of the patients. From January 2013 to December 2019, 325 patients with lower limb
ischemia received CDT treatment in our hospital. Of them, 61 patients had non-ALIL 21 patients had incomplete
information (no repeated measurement data of D-dimer), 35 patients underwent mechanical thrombus aspira-
tion at the same time, and 58 patients continued thrombolysis for <3 days (patients who had the thrombolytic
catheter removed early because they had achieved good thrombolytic results or were unable to adhere to CDT
due to complications such as severe bleeding), so the remaining 150 patients who met the inclusion criteria were
included in the analysis (Fig. 1).

The average age was 76.1 (56-79) years, and 81 were males. The ischemic level of Rutherford IIb accounted
for the highest proportion (92 cases, 61.3%) and the average duration of symptoms was 1.5 days. The most com-
mon site of occlusion was the femoral popliteal artery (62 cases, 41.3%). Three days of CDT was ineffective in 41
cases (27.3%) and effective in 33 cases and markedly effective in 76 cases, accounting for 73.7%. Among them,
a total of 5 patients (3.4%) required amputation, including 1 major amputation and 4 minor amputations. The
patients were divided into three groups according to their outcome, and the baseline characteristics of the three
groups are shown in Table 1. There were no statistically significant differences among the three groups for the
degree of ischemia, occlusion site, type of thrombolytic catheter or amount of urokinase. Eleven patients in the
ineffective group were treated with CDT for more than 3 days.

Plasma D-dimer levels of patients. The median (IQR) values of serum D-dimer changes in the three
groups within 72 h after treatment are shown in Table 2. The results of GEEs analysis showed that serum
D-dimer changed significantly with time (time effect, P<0.001) within 72 h after treatment. Serum D-dimer
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Patients received CDT treatment between
January 2012 to December 2019

(n=325)
Excluded (n=175)
-Non-ALI (n=61)
-Incomplete information (n = 21)
-Combined mechanical thrombus aspiration (n = 35)
-Continue thrombolysis time < 3 days (n = 58)
Eligible patients
(n=150)
y
Ineffective Effective Markedly effective
(n=41) (n=133) (n=176)

Figure 1. Patient flowchart.

levels of patients with different treatment outcomes in these three groups were different after treatment (group
effect, P <0.001), and after treatment, serum D-dimer levels in these three groups showed different trends over
time (group*time effect, P <0.001). Specifically, the serum D-dimer levels of the markedly effective group were
higher than those of ineffective and effective groups at the 8- and 16-h time points (P <0.05). At 48-72 h, the
serum D-dimer levels of both the markedly effective and effective groups were higher than those of the ineffec-
tive group (P <0.05).

The different trends in serum D-dimer level with time after treatment in the three groups could also be directly
seen in the spline regression curve after fitting successfully (Fig. 2, P <0.001). The trend chart showed that the
plasma D-dimer level in all three groups increased at the beginning and then decreased after thrombolysis. The
D-dimer level in the markedly effective group increased rapidly at the beginning of thrombolysis, reached its
peak 16 h later, and then decreased quickly to the preoperative level. The D-dimer of the ineffective and effec-
tive groups increased slowly after beginning thrombolysis, peaked 24 h later, and then slowly declined. In the
ineffective group, the plasma D-dimer level increased again 48 h after the beginning of thrombolysis and had
another small peak.

Discussion

By analyzing the plasma D-dimer change trends, we can predict the reperfusion of ischemic lower limbs after
thrombolytic therapy and know the results of CDT in a timely manner. This has rarely been reported in previ-
ous studies.

ALl is caused by a sudden interruption of the main blood perfusion of the lower limb for various reasons, and
it usually requires immediate revascularization. CDT has become one of the most commonly used methods for
the treatment of ALI'>"®. After thrombolytic therapy, the vascular stenosis, occlusion and other lesions can be
treated simultaneously with interventional therapy, which improves the short-term and long-term patency rate
of such occlusive lesions and reduces the need for open surgery in most of these patients®.

D-dimer is the degradation product of cross-linked fibrin, and its plasma level reflects the formation and
degradation of fibrin. D-dimer is considered a useful biomarker because of its potential to identify individuals
in a high coagulation state. D-dimer is often associated with thrombi, and its elevation should be of continuing
concern'*'%. D-dimer has been widely used in the diagnosis of VTE®!”!%, There have also been many relevant
studies in some cardiovascular diseases, such as atrial fibrillation'*~?!, coronary heart disease'***?, stroke?***

and aortic dissection®*-?, and D-dimer can even be used as a predictor of the diagnosis and prognosis of such
diseases® 2,
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Variable Total, (n=150) Ineffective (n=41) | Effective (n=33) | Markedly effective (n=76) | P value®
Gender

Male, No. (%) 81 (54.0) 20 (48.8) 22 (66.7) 39 (51.3) 0.249

Age, median (IQR) (years) 67.1 (56-79) 64.37 (47-81) 67.88 (59-78) 68.24 (56-79) 0.743
Smoking, 62 (41.3) 14 (34.1) 13 (39.4) 35 (46.1) 0.447

Alcohol consumption 26 (17.3) 9(22.0) 2(6.1) 15(19.7) 0.148
Comorbidities

Hypertension 72 (48.0) 16 (39.0) 16 (48.5) 40 (52.6) 0.374
Diabetes mellitus 36 (24.0) 7 (17.1) 7(21.2) 22 (28.9) 0.329

Atrial fibrillation 60 (40.0) 19 (46.3) 15 (45.5) 26 (34.2) 0.342
Ischemic heart disease 41 (27.3) 9(22.0) 13 (39.4) 19 (25.0) 0.202
Cerebrovascular disease 30 (20.0) 5(12.2) 7 (21.2) 18 (23.7) 0.329
Renal insufficiency 67 (44.7) 15 (36.6) 17 (51.5) 35 (46.1) 0.415
ghronic obstructive pulmonary 34(22.7) 707.1) 10 (30.3) 17 (22.4) 0.402
isease

Hyperlipidemia 70 (46.7) 22 (53.7) 15 (45.5) 33 (43.4) 0.566

Liver function®

A 94 (62.7) 25 (61.0) 23(69.7) 46 (60.5)

B 51 (34.0) 13 31.7) 9(27.3) 29 (38.2) 0.645
C 5(3.3) 3(7.3) 1(3.0) 1(1.3)

Degree of ischemia®

i 16 (10.7) 4(2.7) 5(3.3) 7 (4.7)

IIa 36(24.0) 9 (6.0) 7 (4.7) 20 (24.0) 0735
1Ib 92 (61.3) 25(16.7) 20 (13.3) 47 (31.3)

11 6 (4.0) 3(2.0) 1(0.7) 2(1.3)

Artery occlusion site

Iliac artery 12 (8.0) 0(0.0) 6(18.2) 6(7.9)

Superficial temporal artery 22 (14.7) 14 (34.1) 5(15.2) 3(3.9)

Popliteal artery 38(25.3) 9 (22.0) 4(12.1) 25(32.9) 0184
Iliac femoral artery 8(5.3) 4(9.8) 4(12.1) 0(0)

Femoral popliteal artery 62 (41.3) 10 (24.4) 12 (36.4) 40 (52.6)

Tliofemoral popliteal artery 3(2.0) 3(7.3) 0(0.0) 0(0)

Tibiofibular artery 5(3.3) 1(24) 2 (6.1) 2(2.6)

Length of the thrombolytic catheter

10 cm 34 (22.7) 4(9.8) 3(9.1) 27 (35.5)

20 cm 38 (25.3) 14 (34.1) 11 (33.3) 13 (34.2)

30 cm 23 (15.3) 11 (26.8) 3(9.1) 9(11.8) 0.216
40 cm 29 (19.3) 8(19.5) 10 (30.3) 11 (14.5)

50 cm 26 (17.3) 4(9.8) 6(18.2) 16 (21.1)

Amputation

Minor amputation 4(2.7) 4(9.8) 0(0) 0(0) 0.0001
Major amputation 1(0.7) 1(2.4) 0(0) 0(0)

gfl‘(’)ljli:;“e usage median (IQR). | 555 27 (230-280) | 245.81 (230-260) | 257.27 (240-280) | 253.95 (220-290) 0.309

Table 1. Baseline characteristics of the patients. IQR interquartile range. *Kruskal Wallis Test. ®Child-Pugh
classification. “Ruther classification.

D-dimer levels are lower in the circulation in healthy individuals and higher in the presence of thrombi®.
During the CDT process, the fibrin in the thrombus degrades, and D-dimer is produced. These dissolved sub-

stances are continuously released into the blood, causing the plasma D-dimer content to change constantly

33,34

The D-dimer level increases continuously during thrombolysis and is positively correlated with the degree of
thrombolysis®. D-dimer has a half-life of approximately 8 h until it is cleared by the kidney and reticuloendothe-
lial system™. In the later stage of thrombolysis, with the gradual opening of the occluded vessels, the thrombus
load in the vessels decreases, and the D-dimer content in the blood decreases continuously until it returns to
the prethrombolysis level. Monitoring the changes in plasma D-dimer content pre- and posttreatment is also
often used to evaluate the therapeutic effect”**?*. Cakar, M. A. et al. analyzed D-dimer levels pre- and post-
thrombolysis in 186 patients with acute coronary syndrome treated with intravenous tissue-type plasminogen
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Time Ineffective (n=41) Effective (n=33) Markedly effective (n=76)
0h 1.83(1.17,3.67) 1.23 (0.74, 2.54) 1.73 (1.01, 2.27)

8h 9.32 (6.45, 16.29) 3.99 (3.22, 8.78) 13.57 (6.25, 46.76)
16 h 29.34 (17.89, 38.98) 32.12 (5.83, 40.55) 127.3 (26.09, 228.44)
24h 19.03 (12.36, 67.41) 26.22 (4.22, 39.55) 49.88 (18.35, 83.91)
32h 17.65 (10.01, 74.66) 17.81 (8.6, 67.92) 32.38 (16.91, 54.09)
40h 24.94 (15.16, 49.12) 8.82 (5.57, 39.73) 12.32 (5.56, 26.31) ®

48 h 25.01 (19.48, 75.32) 20.54 (3.18,33.43)* | 4.29 (3.11,12.19) ®

56 h 23.59 (13.43, 94.58) 8.99 (2.26,23.04) * 245 (1.76,3.34) ®
64h 19.09 (9.00, 33.10) 2.19(1.02,6.18)* | 1.49 (1.07, 2.01) ®
72h 11.75 (4.78, 13.50) 1.23 (0.78,2.67) * 0.72 (0.60, 0.99) *
Time effect Wald x?=2458.61, df=9, p<0.001

Group effect Wald x2=43.68, df=2, p<0.001

Group* time effect Wald x*=1580.32, df=2, p<0.001

Table 2. Plasma D-dimer levels of patients. Data expressed as median (IQR). Generalized estimating
equations models base on gamma distribution were performed. ?p <0.05 compared with ineffective group at
the same time point. *p < 0.05 compared with effective group at the same time point.

200
1

Ineffective, F=8.937, P<0.001
Effective, F=10.85, P<0.001
——— Markedly effective, F=58.58, P<0.001

Estimated Marginal Means(mg/L)

50
L

0 8 16 24 32 40 48 56 64 72

Hours

Figure 2. Spline regression curves for the repeated measurements of D-dimer.

activator (100 mg) or streptokinase (1,500,000 U) and found that D-dimer levels were markedly high after
thrombolytic therapy versus before (155 mg/dl, 362 mg/dl, P <0.005)°.

For the convenience of analysis, we grouped our patients according to the results of thrombolysis. The change
trends of D-dimer in the three groups during thrombolysis are shown in Fig. 2. During thrombolytic therapy,
the lower limb arteries of patients whose plasma D-dimer level rose rapidly, reached its peak, and then rapidly
dropped to the preoperative level obtained complete recanalization. The lower limb arteries of patients whose
plasma D-dimer level rose slowly, then reached its peak slowly or had two peaks, and then dropped slowly to
the preoperative level might achieve partial recanalization or remain occluded.

Accordingly, we believe that after CDT treatment of ALI, if the plasma D-dimer levels show a significant
increase within a short period of time and then a rapid decline without a rebound, thrombolytic therapy is
markedly effective. If the plasma D-dimer continues to rise slowly and decline slowly, this suggests that the
thrombolytic catheter may not be sufficient contact with the thrombus or that the thrombolytic drug dose is
insufficient, which requires appropriate adjustments. If the D-dimer exhibits multiple peaks, this may be due to
an obstructed vascular outflow tract or occlusion of the artery by the old thrombus, which should be resolved
by combining CDT with other treatment methods*. In the process of CDT, no change or a weak change in the
monitored D-dimer level often indicates the presence of an arteriosclerotic plaque-occluded artery in the patient.
Therefore, it is necessary to improve the blood supply of the ischaemic extremity as soon as possible by combining
CDT with percutaneous transluminal angiography (PTA)/stent implantation®®*” rather than waiting for 3 days
until the completion of CDT. There were 58 patients whose CDT process did not reach 3 days during the study
period. In addition, the D-dimer level of some patients continued to increase and slowly decreased during the

Scientific Reports |

(2021) 11:10388 |

https://doi.org/10.1038/s41598-021-89905-x nature portfolio



www.nature.com/scientificreports/

CDT process, indicating a large amount of thrombus or the presence of a new thrombus, and it was necessary to
extend the CDT time or adjust the location and length of the thrombolytic catheter. The CDT duration was longer
than 3 days in 11 patients during our study period. Of course, if inevitable ischaemic necrosis of the affected
limb occurs during the CDT process, the CDT process should be terminated in time for amputation, rather than
blindly forcing the completion of unnecessary thrombolytic therapy. Five of the patients in the ineffective group
underwent limb amputation for inevitable limb necrosis.

Several limitations of this analysis should be acknowledged. In this study, patients with CDT thrombolysis
for 1-2 days were excluded because these patients did not have 3 days of complete D-dimer data, which reduced
the sample size of our study. In addition, the grouping in this study was based on the recovery of the lower limb
blood supply of patients on the third day of CDT. In fact, patients with a poor CDT response were still receiving
treatment after 3 days, such as continued CDT treatment or a combination of other treatments, so the final clini-
cal results for all of the patients were not provided in this study. In addition, CDT therapy for non-ALI is also
widely used in clinical practice®®*, but the lesions in these patients are not mainly thrombotic and often require
PTA and/or stent implantation, so they were excluded from this study. Therefore, a multicenter, prospective,
randomized controlled study may be the best way to further understand the trends and clinical significance of
plasma D-dimer changes during CDT in patients with ALI (Supplementary Information S1).

Conclusion

In conclusion, the plasma D-dimer level changes regularly during CDT for ALI. Occluded arteries may be
recanalized in patients whose D-dimer appears to rise rapidly during CDT, peaks, and then rapidly declines to
pretreatment levels. Therefore, we can predict the results of CDT and guide adjustment of the therapeutic regi-
men according to the trends of D-dimer changes during thrombolysis to obtain better clinical effects and allow
more ischemic limbs to be salvaged.
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