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Abstract: Background: Entry of air into the extracorporeal circuit and inappropriate anticoagulation are significant factors 
associated with clotting. Even with systemic heparination, microbubbles can be implicated as sites for thrombosis and 
accelerate heparin metabolism. Fluid Stop devices, which prevent fluid from flowing during line drainage, have been 
shown potentially to decrease air embolism and improve hemostasis within circuits, but there is no concrete evidence 
available regarding simultaneous heparin use. Objectives: The objective of this trial was to determine whether the use of 
systemic heparin and a portable fluid stop device can decrease air embolism and clotting within hemodialysis circuits 
compared with traditional infusion sets. Anticoagulation stability, risk of bleeding, and patient satisfaction were also 
measured. Methods: In this prospectively conducted single-center randomized controlled trial, 80 hemodialysis patients 
receiving maintenance hemodialysis were randomly assigned either to a control group with standard infusion sets or an 
observation group with fluid-stopping sets and all receiving standard heparin doses. A total of 800 hemodialysis sessions 
were conducted prospectively with observation for air bubble entrance, line draining, and clotting. Secondary endpoints 
included ACT variability, satisfaction rates, and instances of bleeding complications. Results: A significantly lower 
number of line emptying procedures (3 vs. 24; 5.0% vs. 27.5%), air bubble entries (4 vs. 28; 7.5% vs. 32.5%), and clotting 
incidents (2 vs. 12; 2.5% vs. 22.5%) were seen in the observation group compared with controls (P < 0.01). The stability 
of ACT values with smaller ranges of fluctuation was better in the observation group. Scores on satisfaction were higher, 
and there were no complications seen with bleeding. Conclusion: Findings from these preliminary studies indicate that 
fluid-stopping devices may potentially improve heparin efficacy by preventing air embolism and clotting with no loss of 
safety. Based on these preliminary findings, larger multicenter trials are needed. 
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INTRODUCTION 
 

Hemodialysis is renal replacement therapy that is life-
sustaining in end-stage renal disease and acute kidney 
injury patients (Gong et al., 2024). Although hemodialysis 
is effective for the removal of uremic toxins and 
normalization of fluid-electrolyte balance, in doing so it 
exposes blood in the circulation to large non-endothelial 
surfaces of the extracorporeal circuit, triggering the 
intrinsic coagulation pathway and platelets, which very 
rapidly lead to fibrin-containing thrombus formation unless 
effective anticoagulation is provided (Emmanuel Fatona, 
2024; Kedir et al., 2024)  .  Amongst the anticoagulants used, 
unfractionated heparin remains the most usual option due 
to its instantaneous action, reversibility and clearly 
established safety profile (Goel et al., 2024). Heparin 
works by binding to antithrombin III and profoundly 
enhancing its inhibition of thrombin (Fact or IIa) and 

Factor Xa, thus inhibiting the formation of thrombin and 
fibrin clot (Chabata et al., 2025). However, heparin 
possesses a narrow therapeutic window: Underdosing risks 
clotting of circuits, while overdosing increases bleeding in 
critically ill or post-operative patients (Prajapathi et al., 
2024). Clinicians therefore titrate the dose of heparin with 
both point-of-care coagulation assays such as Activated 
Clotting Time (ACT) or Activated Partial Thromboplastin 
Time (aPTT) and clinical monitoring in a bid to meet these 
rival risks (Favaloro et al., 2024; Ali et al., 2024). ACT 
was selected in the current study because it provides 
bedside immediate determination of heparin activity, is 
used extensively during extracorporeal procedures and 
allows real-time adjustment of dose, but may not reflect 
optimal local depletion of heparin (Ozdemir et al., 2025). 
 
Despite systemic heparinization, thrombosis of the 
extracorporeal circuit remains a common and costly 
complication. The small but real reason behind this 
problem is the introduction of air into dialysis lines, 
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particularly upon fluid bag depletion or improper line 
disconnections. Air bubbles create local surface roughness 
and turbulence, enhancing platelet adhesion and local 
thrombin generation, which contributes to the formation of 
microthrombi (Padín et al., 2024; Ma, 2025; Pacheco and 
Saad, 2024). These microthrombi can also capture and 
inactivate heparin at the site of their formation, de facto 
suppressing its local pharmacologic effect even though 
systemic levels of ACT remain therapeutic. This is a 
mechanical counterpressure to the desired anticoagulant 
effect of heparin (Narendra et al., 2024; Nandave, 2024) . 
 
Prevention of air entry can therefore indirectly enhance the 
pharmacologic activity of heparin by keeping laminar 
blood flow, suppressing platelet activation and providing 
availability of local drug (Meshulami et al., 2025; Patil et 

al., 2024). Practical approach is the use of disposable 
automatic fluid-stopping infusion systems, which totally 
interrupt flow when the source fluid is depleted and avoid 
air entry into the extracorporeal circuit. Though they are 
marketed primarily as safety devices for minimizing the 
risk of air embolism, their potential to improve 
anticoagulation efficacy and amplify the 
pharmacodynamics of heparin has never been examined in 
a rigorous manner (Padín et al., 2024; Deane et al., 2024; 
Ebadi, 2025a; Ebadi, 2025b) .  To the best of our 
knowledge, this is the first study to evaluate the potential 
drug-device synergy between systemic heparin 
anticoagulation and a mechanical fluid-stopping device 
used in hemodialysis (Srikanth, 2025; Ebadi and 
Selamoglu, 2025). We anticipated that prevention of air 
entry would stabilize circuit heparin activity-reduced 
clotting occurrences and stable ACT values-improving 
dialysis efficiency and patient safety. If this synergistic 
effect holds up, it would allow the administration of 
smaller heparin doses without loss of circuit patency and 
with fewer bleeding risks and make possible the 
individualized anticoagulation management of 
hemodialysis patients. 
 
MATERIALS AND METHODS 

 
Study design and setting 

This was a single-center, prospective randomized 
controlled study conducted at the Blood Purification 
Center and Intensive Care Unit of Wuxi Branch of Ruijin 
Hospital, Shanghai Jiao Tong University, School of 
Medicine between January 1 and December 31, 2024. 
Patients were randomly assigned in a 1:1 ratio to the 
observation group or the control group based on a 
computer-generated random number table by an 
independent statistician. The sequence of allocation was 
split and concealed in sealed opaque envelopes and 
disclosed by a study coordinator at enrollment. Written 
informed consent was received from all patients and the 
protocol was approved by the hospital's institutional ethics 
committee.  

Participants 

80  adult patients on maintenance hemodialysis were 
enrolled.Inclusion criteria were (1) age ≥18 years, (2) 
hemodialysis at least twice a week and (3) requirement for 
systemic anticoagulation with heparin for dialysis  while 
Exclusion criteria included (1) history of heparin-induced 
thrombocytopenia, (2) active bleeding or recent major 
surgery, (3) severe thrombocytopenia (<50 × 10⁹/L), (4) 
known hypersensitivity to heparin and (5) refusal to 
provide informed consent. Baseline data recorded included 
demographic data, dialysis vintage, vascular access type 
(arteriovenous fistula, graft, or central venous catheter), 
diabetic status, comorbid diseases, concomitant antiplatelet 
or oral anticoagulant use, hemoglobin and platelet count to 
allow assessment of potential confounding factors. 
 

Administration and monitoring of heparin 

All patients underwent systemic unfractionated heparin 
during dialysis. The standard practice was a bolus 
intravenous injection of 0.3-0.5 mg/Kg at onset and arterial 
line pump infusion of 5-10 mg/h that was discontinued 30 
minutes before completion of treatment. High-risk patients 
for bleeding had both the bolus and individualized 
adjustment based on the patient's coagulation status 
respectively, at the discretion of the doctor. We recorded 
the number of patients receiving lower doses actually and 
calculated mean total heparin dose per dialysis treatment 
and per kilogram of body weight to compare dosing 
patterns between groups. Anticoagulation was sustained by 
monitoring Activated Clotting Time (ACT) from pre-filter 
blood samples at baseline, 60 minutes and end dialysis. 
ACT was employed as it is readily accessible at the bedside 
and has been previously utilized for the monitoring of real-
time anticoagulation in extracorporeal procedures, though 
with the limitation of not reflecting local heparin depletion. 
Target range ACT 180–220 seconds, following literature 
guidelines (Hoebink et al., 2025; Karami et al., 2024). 
Quality control for ACT assay was achieved via 
standardized calibration protocols.  
 
Device intervention 

The control group was given intra-dialysis fluid infusions 
(saline, medications, or nutrition supplements) via standard 
disposable infusion sets. The observation group had the 
same dialysis parameters and heparin policy but all intra-
dialysis fluid infusions were administered via disposable 
automatic fluid-stopping infusion sets. Such infusion sets 
automatically stop fluid infusion when the infusion bag 
becomes empty and thereby avert backflow of air into the 
extracorporeal circuit. The device can automatically seal 
the outlet when the liquid level in the infusion bag drops to 
the bottom of the dropper, thereby preventing air from 
entering the extracorporeal circulation system. The device 
used (National Medical Device Registration No. 
20173664173) is produced by Shandong Xinhua Ande 
Medical Supplies Co., Ltd. A sample image is presented in 
fig. 1. 
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Outcome measures 

The trial contrasted both primary and secondary outcomes . 
Primary outcomes included air bubble entry, which was 
any observed air bubble that was recorded in the 
extracorporeal circuit below the infusion port; line 
emptying events, which were complete emptying of an 
infusion bag with visible air rise to the drip chamber; and 
clotting of the extracorporeal circuit, which were occasions 
when the circuit had to be replaced or dialysis was 
prematurely terminated. Clotting was graded according to 
predefined criteria, such as visible clot area >1 cm², a rapid 
transmembrane pressure increase >100 mmHg, or a 
standard circuit clotting score ≥2. Secondary outcomes 
included ACT values at baseline, 60 minutes and following 
dialysis completion; patient satisfaction on a 10-item 
questionnaire (range: 0–100); staff satisfaction measured 
using a 5-item Likert scale (range: 0-100); and bleeding 
complications, which were labeled as minor or major based 
on World Health Organization criteria. Large bleeding was 
a reduction in hemoglobin ≥2 g/dL, transfusion 
requirement, or surgical treatment for bleeding and minor 
bleeding was minimal epistaxis, ecchymosis, or nonmajor 
criteria bleeding. To reduce observer bias and detection, all 
outcome events were monitored by two blinded dialysis 
nurses on the same forms and those in disagreement were 
resolved by a third senior nurse who was blinded to group 
allocation. Each patient underwent 10 sequential dialysis 
sessions, which provided a total of 800 session-level 
observations. Both per-session and per-patient event rates 
were examined separately, with drop-outs managed 
appropriately. Patients who had been missing sessions 
were included as per an intention-to-treat strategy. 
 

Statistical analysis 

SPSS version 26.0 was used to perform analyses . 
Categorical data were summarized as numbers and 
percentages and contrasted with the chi-square test or 
Fisher's exact test, where appropriate, whereas continuous 
data were summarized as mean ± SD and contrasted with 
the independent-samples t-test for differences between 
groups. Effect sizes for the main outcomes were computed 
and presented as relative risks (RRs) with 95% CIs. 
Because each patient received over one session, clustered 
data were managed by carrying out the analysis at both 
patient and session levels and sensitivity analysis was 
conducted with generalized estimating equations (GEE). A 
two-tailed P-value of <0.05 was considered statistically 
significant. No adjustment for multiple comparisons was 
performed, but primary outcome was a priori defined as 
composite of air entry, line emptying and circuit clotting to 
reduce type I error risk.  
 

RESULTS 
 

Baseline characteristics 
Eighty patients were randomized, 40 to the control group 
and 40 to the observation group. Baseline demographic and 
clinical parameters, such as age, sex, duration of dialysis, 

type of vascular access, comorbid conditions (e.g., 
diabetes, cardiovascular disease) and pre-dialysis ACT 
values, were similar between groups (Table 1). There were 
no between-group differences that were significant, 
indicating successful randomization and enabling valid 
comparison of outcome . 
 

Air bubble entry and line emptying events 
At 800 dialysis treatments (10 treatments/patient), the 
control group experienced 24 line emptying and 28 air 
bubble entry events, versus 3 and 4 for the observation 
group. This represents an 82% relative risk reduction in 
line emptying (RR 0.18, 95% CI 0.05-0.61, P = 0.010) and 
a 77% reduction in air bubble entry (RR 0.23, 95% CI 0.08-
0.62, P = 0.005) (Table 2). 
 

Extracorporeal circuit clotting 
Circuit clotting occurred in 9 patients (12 events) in the 
control group and in 1 patient (2 events) in the observation 
group. This represented a relative risk reduction of 89% 
(RR 0.11, 95% CI 0.03-0.48, P = 0.008) and showed that 
the combination of systemic heparin with the fluid-
stopping device improved circuit patency (Table 3). 
 

Heparin pharmacodynamics: ACT monitoring 
ACT values were similar at baseline across groups. In the 
observation group, at 60 minutes and session completion, 
increased and more stable levels of ACT were sustained 
significantly, uniformly in the target therapeutic range 
(180-220 s), whereas ACT values dropped below target by 
session completion in the control group (Table 4, Fig. 2 ). 
 

Staff and patient satisfaction 

Observation group registered considerably higher 
satisfaction scores, reflecting improved workflow, lower 
alarm events and better safety perception . Patient 
satisfaction was enhanced by 16% and staff satisfaction by 
20% relative to control. Missing control group test 
statistics were added and accounted for. 
 

Bleeding events 
No serious bleeding events were seen in either group 
during the study . Minor bleeding occurred in 2 control 
patients and 1 observation patient (P = 0.55). This indicates 
that device use did not result in a higher risk of bleeding 
even with enhanced circuit patency. Brief Significant 
decreases were observed in air bubble entry, line emptying 
events and circuit clotting in the observation group, with 
substantial relative risk decreases for each of the outcomes 
(P < 0.01) . 
 

ACT stability was improved in fluid-stopping device-
treated patients, indicating sustained heparin activity and 
enhanced anticoagulation effectiveness. Patient and staff 
satisfaction improved significantly, indicating enhanced 
safety and optimized workflow. Notably, bleeding 
complication rate did not rise, showing the safety of 
combined systemic heparin use with fluid-stopping device 
in the management of hemodialysis. 
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Fig. 1: Disposable automatic fluid-stopping device and representative air bubble event;  
(A) Disposable automatic fluid-stopping device on the dialysis infusion line. Key components are labeled: Fluid chamber, Automatic 
shut-off valve, Inlet line and Outlet line. (B) Representative image of an air bubble event observed in the extracorporeal circuit during 
dialysis, marked by an arrow, as described in the study protocol (ACT = Activated Clotting Time). 
 

Table 1: Baseline characteristics of patients 
 

Variable Control (n = 40) Observation (n = 40) P value 
Age (years, mean ± SD) 56.3 ± 12.4 57.1 ± 11.8 0.72 

Male/Female 23/17 21/19 0.63 
Dialysis duration (months) 28.5 ± 9.1 29.2 ± 8.6 0.68 

Vascular access (AVF/CVC, %) 70.0 / 30.0 72.5 / 27.5 0.81 
Diabetes (%) 37.5 35.0 0.79 

Concurrent antiplatelet or oral anticoagulant use (%) 25.0 27.5 0.84 
Hemoglobin (g/dL) 10.8 ± 1.3 11.0 ± 1.2 0.55 

Platelet count (×10⁹/L) 176 ± 34 181 ± 37 0.61 
Baseline ACT (s) 132 ± 15 134 ± 14 0.41 

Note: ACT = Activated Clotting Time; AVF = Arteriovenous Fistula; CVC = Central Venous Catheter; There were no between-group 
differences observed at baseline, indicating group comparability. 
 

Table 2: Air bubble and line emptying events (by Session) 
 

Outcome Control (n = 40) Observation (n = 40) % of sessions χ² P value 
Line emptying events 24 3 27.5% vs 5.0% 6.64 0.010 

Air bubble entry events 28 4 32.5% vs 7.5% 7.71 0.005 
Note: Percentages based on 400 sessions per group. Lower event rates reflect increased protection and safety. 
 

Table 3: Circuit clotting events 
 

Outcome Control (n = 40) Observation (n = 40) % of Patients χ² P value 
Circuit clotting events 12 2 22.5% vs 2.5% 7.15 0.008 

Note: Percentage is defined as patients with ≥1 clotting event. Counts are multiple events per patient. 
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DISCUSSION 
 

We demonstrated in the current research that systemic 
heparin with an attached automatic fluid-stopping device 
on a disposable setup significantly reduced the incidence 
of air bubble infusion, line emptying events and clotting of 
the circuit but not anticoagulation stability as measured by 
the ACT values (Tong et al., 2025). Both patients and staff 

were more satisfied and interestingly, major bleeding 
complications' rate did not rise (Amoako et al., 2025). 
These findings suggest a potential drug-device interaction, 
where the prevention of air entry mechanically supports 
and supplemented pharmacological action of heparin, 
resulting in improved circuit patency and clinical results 
(Luu et al., 2024; Wang et al., 2025; Ebadi et al., 2025). 
The anticoagulant action of heparin is mainly mediated 

Table 4: ACT values (Second) 
 

Time point Control (mean ± SD) Observation (mean ± SD) P value 
Baseline 132 ± 15 134 ± 14 0.41 
60 min 162 ± 25 196 ± 22 <0.001 

End of dialysis 165 ± 27 198 ± 21 <0.001 
Note: Stable ACT during consistent indicates lower local heparin depletion in the observation group. 
 

 
 
Fig. 2: Effect of automatic fluid-stopping device on act levels; ACT values over time for control and observation groups. 
The observation group maintained stable ACT levels within the therapeutic target range (180220 s), whereas the control 
group experienced a decline below target by the end of dialysis. 
 
Table 5: Satisfaction scores 
 

Group Patient satisfaction (mean ± SD) Staff satisfaction (mean ± SD) t P value 
Control (n = 40) 78.6 ± 8.2 74.3 ± 7.9 - - 

Observation (n = 40) 91.2 ± 6.1 88.9 ± 6.4 7.54 <0.001 
Note: Satisfaction as measured by validated scales (0-100). Higher values indicate greater satisfaction. 
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through interaction with antithrombin III, enhancing 
inhibition of thrombin (Factor IIa) and Factor Xa, thereby 
preventing fibrin and platelet activation-essential events in 
the extracorporeal circuit high-shear environment (Yang et 

al., 2025) . 
 
Local suppression of heparin efficacy can occur in areas of 
turbulence and stasis, where thrombin formation and 
microthrombus development occur. Even if systemic ACT 
levels are in therapeutic range, local heparin depletion may 
still occur (Kim et al., 2024). Our findings show that 
preventing entry of air with a fluid-stopping device reduces 
these local coagulation stimuli and enables heparin to exert 
its anticoagulant effect more consistently, as evidenced by 
consistent ACT values at 60 minutes and upon termination 
of dialysis (Wang et al., 2024; Johnson et al., 2024). The 
pharmacodynamic action is clinically relevant . 
 
By inhibiting microthrombus formation, the device 
maintains heparin in an active, unbound state, effectively 
prolonging action locally without increasing systemic 
heparin exposure (Zhou et al., 2024). This provides the 
possibility of using reduced systemic heparin doses in 
future protocols, thereby reducing the risk of bleeding in 
vulnerable patient groups such as the elderly or critically 
ill. Besides, the prevention of continuous repetitive platelet 
activation and coagulation factor usage can prevent 
cumulative prothrombotic effects between dialysis 
sessions (Mu et al., 2025). The device thus has the potential 
to become a mechanical amplifier of heparin 
pharmacology, optimizing anticoagulant activity through 
optimization of the local microenvironment (Kamidani et 

al., 2024; Liu et al., 2024). In practice, heparin activity 
stabilization was associated with fewer circuit clotting 
episodes and thus fewer treatment interruptions, reduced 
blood loss and better dialysis adequacy in patients and 
simplified workflow and reduced alarm frequency in staff. 
These benefits support real-world application of a 
combination of pharmacologic and mechanical approaches 
to anticoagulation (Sun et al., 2024; Costa et al., 2024; Li 
et al., 2024) . 
 
Our findings also reveal a requirement for the optimization 
of anticoagulation protocols. Current protocols are 
predominantly founded on systemic assays of coagulation 
such as ACT or aPTT, which are not necessarily indicative 
of local anticoagulation status in the circuit. The 
incorporation of mechanical protection against air-
mediated microthrombi would enable safe reductions in 
systemic heparin dosing without augmenting bleeding risk 
and with continued effective anticoagulation (Michael et 

al., 2025). Later trials should explore this hypothesis via 
dose ranging, modeling of pharmacokinetics and the use of 
direct mechanistic biomarkers such as anti-Xa levels, 
thrombin-antithrombin complexes and platelet activation 
markers (Gouin-Thibault et al., 2024; Kholmukhamedov et 

al., 2025). As compared to other studies that have all 

focused either on heparin dosing or device safety in 
isolation, our research particularly unites the two and 
demonstrates how a mechanical intervention can enhance 
drug efficacy. This dual optimization strategy may be 
especially effective in high-risk clotting, multiple lines, or 
unstable anticoagulation patients, for instance, in intensive 
care units (Kapoor et al., 2025; Vajter and Volod, 2025) . 
 
Limitations of the study include single-center and small 
sample size that may limit generalizability. Additionally, 
ACT is an assay of the system and cannot measure local 
heparin depletion or thrombin generation directly, so future 
studies must incorporate advanced laboratory assays and 
pharmacodynamic modeling. Bleeding events are modest 
in number and cannot support conclusions of safety and 
long-term outcomes were not examined. They should 
therefore be considered as preliminary evidence and not 
conclusive evidence and the results need to be validated in 
multicenter randomized trials on a big scale (Montomoli et 

al., 2024). Finally, our study is the first to show that 
inhibiting air access during hemodialysis enhances the 
pharmacologic efficacy of heparin, both on the clinical and 
on the efficiency of the workflow levels. Dissolving both 
the mechanical and pharmacologic pathways, this solution 
is a promising start toward more individualized and more 
effective anticoagulation therapy revised.  
 
CONCLUSION 
 
Systemic heparin mixed with an automatic disposable stop 
Fluid device successfully reduced air bubble entry, line 
emptying events and clotting of the circuit, with consistent 
ACT values and improved patient and staff satisfaction 
without increasing the risk of bleeding . Prevention of air-
induced micro thrombi formation by the device guarantees 
local heparin action, providing a better drug effect and 
potentially allowing decreased systemic dosing in the next 
treatment protocols. This early proof of drug-device 
synergy highlights the rationale in the use of mechanical 
and pharmacologic modalities in combination to achieve 
optimal anticoagulation management. Higher numbers of 
subjects in multicenter trials with blinded outcome 
measurement and new mechanistic biomarkers will be 
needed to confirm these findings and establish their role in 
clinical practice 
 
Acknowledgement 

Not Applicable. 
 
Authors’ contributions 

Hengxia Zhao conceptualized and designed the study, 
oversaw data collection at the Blood Purification Center 
and drafted the manuscript. Chang Liu, Xueying Chen and 
Jie Sun contributed to data acquisition, patient monitoring 
during hemodialysis sessions and analysis of outcomes. All 
authors critically reviewed the manuscript and approved 
the final version for publication. 



Zhao Hengxia et al. 

Pak. J. Pharm. Sci., Vol.39, No.1, January 2026, pp.209-216 215

Funding 

There was no funding. 
 
Data availability statement 

The datasets generated and/or analysed during the current 
study are available from the corresponding author upon 
reasonable request. 
 
Ethical approval 

This study was reviewed and approved by the Institutional 
Ethics Committee of Wuxi Branch of Ruijin Hospital, 
Shanghai Jiao Tong University, School of Medicine, Wuxi 
City, Jiangsu Province of China (Approval No. 24010537). 
Written informed consent was obtained from all 
participants before enrollment and all procedures were 
conducted in accordance with the principles of the 
Declaration of Helsinki. 
 
Conflict of interest  

The authors declare that they have no conflicts of interest 
relevant to this study. 
 

REFERENCES 

 
Ali AE and Becker RC (2024). Factor XI: Structure, 

function and therapeutic inhibition. J. Thromb. 

Thrombolysis., 57(8): 1315-28. 
Amoako K, Ukita R and Cook KE (2025). Antifouling 

zwitterionic polymer coatings for blood-bearing medical 
devices. Langmuir., 41(5): 2994-3006. 

Chabata CV, Yu H, Ke L, Frederiksen JW, Patel PA, 
Sullenger BA and Thalji NK (2025). Andexan et al fa-
associated heparin resistance in cardiac surgery: 
Mechanism and in-vitro perspectives. Arterioscler 

Thromb Vasc Biol., 45(1): 144-56. 
Costa AM, Halfwerk FR, Wiegmann B, Thiel JN, Neidlin 

M and Arens J (2024). Development of a novel artificial 
lung and kidney assist device-from fiber specifications 
to device design. Int. J. Artif. Organs., 47(7): 474-475. 

Deane E, Fielding L, Wong D, Davis J and Eatroff A 
(2024). Examination, therapeutics and monitoring of the 
urinary system. Equine. Neonatal. Med., 26: 644-69. 

Ebadi AG (2025a). Synergistic approaches in diabetes 
management: The role of anti-diabetic drugs and herbal 
medicine in therapeutic strategies. Nepal J. Med. Sci., 
10(2): 68–81. 

Ebadi AG (2025b). The Role of Herbal Medicine in 
Combating Chronic Diseases: Mechanisms and 
therapeutic potential. Int. J. Hum. Health Sci., 9(2): 75–
85. 

Ebadi AG and Selamoglu Z (2025). Exploring the role of 
herbal medicines in modern pharmacology and drug 
development. Lat. Am. J. Pharm., 44(4): 401–406. 

Ebadi AG, Selamoglu Z, Issa HY, Alp Arici EC and Abbas 
S (2025b). Next-generation vaccines and antiviral 
platforms: Molecular advancements in the struggle 

against emerging zoonotic and viral diseases. Arch. Razi 

Inst., 80(3): 555–568. 
Emmanuel Fatona MS (2024). Preventing coagulation of 

extracorporeal system during hemodialysis. Nephrol. 

Nurs. J., 51(5): 479-84. 
Favaloro EJ, Pasalic L and Lippi G (2024). Unfractionated 

heparin: Optimizing laboratory monitoring and reducing 
unwanted interference in everyday hemostasis test 
practice. Pol. Arch. Intern. Med., 134(3): 16684. 

Goel A, Tathireddy H, Wang SH, Vu HH, Puy C, Hinds 
MT, Zonies D, McCarty OJ and Shatzel JJ (2024). 
Targeting the contact pathway of coagulation for the 
prevention and management of medical device-
associated thrombosis. Semin. Thromb. Hemost., 50(7): 
989-97. 

Gong Y, Zou M and Luo L (2024). Construction of a 
coagulation prediction model of the extracorporeal 
circulation circuit during hemodialysis with regional 
citrate anticoagulant (RCA). Int. J. Artif. Organs., 
47(10): 749-55. 

Gouin-Thibault I, Mansour A, Hardy M, Guéret P, De 
Maistre E, Siguret V, Cuker A, Mullier F and Lecompte 
T (2024). Management of therapeutic-intensity 
unfractionated heparin: A narrative review on critical 
points. TH Open, 8(3): e297-307. 

Hoebink M, Steunenberg TA, Roosendaal LC, Wiersema 
AM, Hamer HM, Yeung KK and Jongkind V (2025). 
Ability of activated clotting time measurements to 
monitor unfractionated heparin activity during 
noncardiac arterial procedures. Ann. Vasc. Surg., 110: 
460-8. 

Johnson E, Farrukh R and Singh A (2024). Rare case of 
cerebral air embolism after hemodialysis (P8-5.013). 
Neurology, 102(7_suppl_1): 5619. 

Kamidani R, Okada H, Kawasaki Y, Shimada T, Tamaoki 
Y, Nakashima Y, Nishio A, Fukuda H, Minamiyama T, 
Yoshida T and Yoshimura G (2024). Impact of 
augmented renal clearance on anticoagulant therapy in 
critically ill patients with coronavirus disease 2019: A 
retrospective cohort study. J. Infect. Chemother., 
30(2):111-7. 

Karami A, Hosseini H, Saravi ZF, Talebi F and Zulfiqar B 
(2024). Cross-sectional investigation of activated 
clotting time after administration of different 
intravenous heparin doses in patients undergoing on-
pump coronary artery bypass graft surgery. Perioper 

Care Oper. Room Manag., 35: 100404. 
Kapoor S, Scaturo N, Thompson G, Small B, Newey CR, 

Martin S, Miller P and Sarwal A (2025). Optimizing the 
dosing of heparin for therapeutic anticoagulation in 
neurocritical care patients at high risk of bleeding: 
Report on a quality improvement initiative. J. Pharm. 

Technol., 2025 May 24: 87551225251343558. 
Kedir HM, Yabeyu AB, Ejigu AM, Tadesse TA and Sisay 

EA (2024). Anticoagulation-related complications and 
their outcomes in hemodialysis patients with acute 



Synergistic action of heparin and fluid-stopping device in reducing air embolism and hemodialysis clotting: Early results from a  

Pak. J. Pharm. Sci., Vol.39, No.1, January 2026, pp.209-216 216

kidney injury at selected hospitals in Ethiopia. PLoS 

One, 19(12): e0300301. 
Kholmukhamedov A, Subbotin D, Gorin A and Ilyassov R 

(2025). Anticoagulation management: Current 
landscape and future trends. J. Clin. Med., 14(5): 1647. 

Kim T, Hentschel DM, Mount DB and Ravi KS (2024). 
Undetected air embolism during hemodialysis from a 
defective central venous catheter causing intradialytic 
cardiac arrest: An imaging teaching case. Kidney Med., 
6(11): 100915. 

Li R, Li Y, Bai Y, Yi P, Sun C, Shi S and Gong YK (2024). 
Achieving superior anticoagulation of endothelial 
membrane mimetic coating by heparin grafting at 
zwitterionic biocompatible interfaces. Int. J. Biol. 

Macromol., 257: 128574. 
Liu YB, Wang MX, Dong XN, He J, Zhang L, Zhou Y, Xia 

X, Dou GF, Wu CT and Jin JD (2024). A Phase I, single 
and continuous administration study of Safety, 
tolerability and pharmacokinetics of neorudin, a noval 
recombinant anticoagulant protein, in healthy subjects. 
Authorea Preprints, 18: S1538-7836 (25) 00402-7. 

Luu CH, Nguyen NT and Ta HT (2024). Unravelling 
surface modification strategies for preventing medical 
device-induced thrombosis. Adv. Healthc. Mater, 13(1): 
2301039. 

Meshulami N, Murthy R, Meyer M, Meyer AD and 
Kaushik S (2025). Bivalirudin anticoagulation for 
cardiopulmonary bypass during cardiac surgery. 
Perfusion, 40(1): 7-19. 

Michael H, Henri T, Jonathan D, Julie V, Isabelle GT, 
Sarah L, Thomas L and François M (2025). Effect of 
heparins, DOACs and FXII/FXI inhibitors on catheter-
initiated thrombin generation in PRP: An in-vitro study. 
J. Thromb. Haemost., 2025 Jun 18. 

Montomoli M, Candía BG, Barrios AA and Bernat EP 
(2024). Anticoagulation in chronic kidney disease. 
Drugs, 84(10): 1199-218. 

Mu G, Liu Y, Xie Q, Liu Z, Zhang H, Meng X, Song J, 
Wang Z, Zhou S, Wang Z and Hu K (2025). 
Establishment of an integrated population 
pharmacokinetic/pharmacodynamics model of apixaban 
in chinese healthy population adjusting for key genetic 
variants. Curr. Pharm. Des., 31(9): 716-29. 

Musalem P, Pedreros-Rosales C and Muller-Ortiz H 
(2024). Anticoagulation in renal replacement therapies: 
Why heparin should be abandoned in critical ill 
patients? Int. Urol. Nephrol., 56(4): 1383-93. 

Nandave M (2024). Role of ACE inhibitors and 
angiotensin receptor blockers in covid19 patients. In: 
Angiotensin-converting enzyme inhibitors vs. 
angiotensin receptor blockers: A critical analysis of 
antihypertensive strategies: A machine-generated 
literature overview. Singapore: Springer Nature 

Singapore. pp. 459-555. 

Narendra DK, Sharma M, Muigai D and Guntupalli KK 
(2024). Acute respiratory distress syndrome in 
pregnancy. Crit. Care Obstet., 1: 455-73. 

Özdemir M, Taydas O, Danışan G and Ateş OF (2025). 
Comparison of the complications and long-term results 
of heparin-coated and non-heparin-coated symmetric-
tip hemodialysis catheters. J. Vasc. Access, 26(1): 139-
43. 

Padín JF, Pérez-Ortiz JM and Redondo-Calvo FJ (2024). 
Aprotinin (II): Inhalational administration for the 
treatment of COVID-19 and other viral conditions. Int. 

J. Mol. Sci., 25(13): 7209. 
Patil S, Kumar S, Rao DM and Rewatkar K (2024). Current 

regulatory framework and challenges for the approval of 
complex generics in the US and the EU. Curr. Indian 

Sci., 2(1): E2210299X269535. 
Prajapathi S, Pradhan A, Mohta A and Sethi R (2024). The 

third-generation anticoagulants: Factors XI, XII and 
XIII inhibitors. Egypt Heart J., 76(1): 137. 

Srikanth SA (2025). A catastrophic Venous Cerebral Air 
Embolism during Hemodialysis. SBV Journal of Basic, 
Clin. Appl. Health Sci., 8(3): 162-164. 

Sun C, Yang Q, Li Y, Li R, Yi P, Dang X, Wei S, Shi K, 
Shi S and Gong YK (2024). Endothelial membrane 
mimetic coating modified dialyzer for hemocompatible 
and anticoagulant-free hemodialysis. J. Membr. Sci., 
695: 122471. 

Tong D, Liu X, Tang J, Cheng S, Chen Y, Ren J, Zhao C, 
Zhao W (2025). Bioinspired endogenous and exogenous 
synergistic two-pronged anticoagulant and antiplatelet 
hydrogel microspheres for hemopurification-associated 
thrombocytopenia therapy. Chem. Eng. J., 2025 Jun 25: 
165329. 

Vajter J and Volod O (2025). Anticoagulation management 
during ECMO: Narrative review. JHLT Open, 2025 Jan 
20: 100216. 

Wang D, Yang M, Li S, Tang C, Ai J and Liu D (2025). 
Efficacy and safety of low-molecular-weight-heparin 
plus citrate in nephrotic syndrome during continuous 
kidney replacement therapy: Retrospective study. 
PeerJ., 13: e18919. 

Wang Q, Jiang N, Chen W, Cheng L, Fu S, Li Q and Li H 
(2024). Prevention of dialysis catheter malfunction with 
urokinase and heparin: A randomized, controlled trial. 
Altern. Ther. Health Med., 30(10): 218-224. 

Yang Y, Xiong Z, He Y, Wang A, Huang X and Liang W 
(2025). Fatal pulmonary embolism secondary to 
heparin‐induced thrombocytopenia in hemodialysis: A 
case study. Hemodial. Int., 2025 Jul 20. 

Zhou ZP, Zhong L, Liu Y, Yang ZJ, Huang JJ, Li DZ, Chen 
YH, Luan YY, Yao YM and Wu M (2024). Impact of 
early heparin therapy on mortality in critically ill 
patients with sepsis associated acute kidney injury: A 
retrospective study from the MIMIC-IV database. 
Front. Pharmacol., 14: 1261305.

 


