Research Progress of Hidden Blood Loss after Tibial Fracture Surgery
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Abstract: Tibial fracture is a common traumatic injury in the field of orthopedics. The problem of hidden blood loss after
tibial fracture is gradually attracting the attention of clinicians. Hidden blood loss not only has a negative impact on the reha-
bilitation process of patients, but also may cause a variety of complications. Therefore, it is particularly important to have a
deep understanding of the mechanism of hidden blood loss and the related evaluation methods. Studies have shown that the
mechanism of hidden blood loss after tibial fracture surgery is complex, involving the influence of many factors, including
surgical methods, individual differences of patients, postoperative management and so on. Although a variety of methods
have been proposed to assess hidden blood loss, they still face certain challenges and limitations in practical application. In
addition, the impact of hidden blood loss on patient outcomes has not been fully studied and understood. This article reviews
the research progress of hidden blood loss after tibial fracture surgery, discusses its mechanism, evaluation methods and
influencing factors, and analyzes its potential impact on the rehabilitation of patients.
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1. Introduction

Tibial fracture is a common type of fracture, including tibial shaft fracture and tibial plateau fracture, among which
tibial plateau fracture is more common. The incidence of this disease has been increasing in adolescents and the elderly.
According to Swedish epidemiological studies, the annual incidence of tibial fractures is about 50 per 100,000 people, which
is more significant in high-energy trauma (such as traffic accidents) and sports injuries[1]. Tibial fractures not only affect
the quality of life of patients, but also lead to long-term dysfunction and complications, such as delayed union, nonunion,
infection, and hidden blood loss after surgery. Therefore, understanding the epidemiological characteristics of tibial fractures
and their clinical significance is essential to develop effective treatment options.

Hidden blood loss is defined as blood loss that is not immediately recognized during or after surgery and is usually
assessed by postoperative blood tests or clinical findings. Studies have shown that the occurrence of hidden blood loss
may lead to postoperative anemia, delayed recovery and increased risk of complications, and may even affect the overall
treatment effect [2]. Patients with tibial fractures may face significant hidden blood loss after surgery, which is different
in different types of tibial fractures, especially in the case of complex or multiple fractures. Therefore, the monitoring and
management of postoperative hidden blood loss has become an important link in clinical practice.

The purpose of this article is to discuss the research progress of hidden blood loss after tibial fracture surgery, and
analyze its mechanism, influencing factors and clinical management strategies. A systematic literature review was conducted
to provide clinicians with a comprehensive framework of understanding to optimize postoperative management and treatment
options for patients with tibial fractures.

2. Mechanisms of hidden blood loss

2.1 Vascular injury and hemorrhage.

Hidden blood loss is usually caused by vascular injury, especially during trauma or surgery. Studies have shown that
the incidence of abdominal large vessel injury is 5% to 10% in patients suffering from blunt trauma, while it is as high
as 20% to 25% and 10% in patients with gunshot and stab wounds, respectively [3].There are 5 types of vascular injury:
intimal injury (flaps, disruptions, or subintimal/intramural hematomas), complete wall defects with pseudoaneurysms or
hemorrhage, complete transections with hemorrhage or occlusion, arteriovenous fistulas, and spasm[4]. These injuries may
cause massive internal bleeding and are often difficult to detect at the initial stage because of their concealment. Hidden blood
loss caused by vascular injury can not only lead to acute anemia, but also cause serious complications such as shock, which
requires timely diagnosis and intervention. It is essential for surgeons to be familiar with techniques for the identification and
management of vascular injuries. Vascular injury in orthopedic trauma is challenging. The risk to life and limb can be high,
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and clinical signs initially can be subtle. Recognition and management should be a critical skill for every orthopedic surgeon.
In addition, Clinical presentation of vascular injury may not be straightforward. Physical examination can be misleading or
initially unimpressive; a normal pulse examination may be present in 5% to 15% of patients with vascular injury[4].

2.2 Hemorrhage in the bone marrow cavity

Intramedullary hemorrhage is another important mechanism of hidden blood loss, which is common after traumatic
injury or surgery. Bone marrow is not only the main site of hematopoiesis, but also closely related to a variety of pathological
states. Hematoma formation in the bone marrow may lead to local ischemia, which in turn affects the production and
function of blood cells. Some scholars have found that bone marrow (BM) biopsy is a common and generally safe procedure.
Complications are rare and the incidence of significant bleeding is very low when bleeding does occur, it can be a catastrophic
complication requiring emergent care. Quantifying bleeding risk is challenging given the low rate of events[5]. Therefore,
intramedullary hemorrhage still needs more attention from clinicians. After trauma, bleeding in the bone marrow cavity
may be mistaken for external bleeding by the clinician, thereby delaying treatment. Timely recognition and management of
intramedullary hemorrhage is essential to prevent further complications. Therefore, it is also very important to consider and
judge the possibility of intramedullary hemorrhage in surgery or trauma management.

2.3 Inflammatory response and coagulation mechanism

The mechanism of hidden blood loss is also closely related to inflammatory response and coagulation mechanism.
Inflammatory response is not only the body's natural response to injury, but also triggers a series of coagulation responses,
leading to local and systemic coagulation disorders. Following acute infections, activation of coagulation and inflammation,
which are critical interconnected responses, lead to thromboinflammation and microthrombosis, thereby contributing to
multiorgan dysfunction[6]. In a prior Anesthesiology editorial, Gropper suggested that “all of these conditions (in sepsis)
likely share a common pathway for the development of multiple system organ failure: diffuse activation of endothelium
by proinflammatory cytokines, leukocytes, and other proteins. Activated endothelium becomes prothrombotic in these
conditions, leading to the formation of microvascular thrombosis. In addition, fibrinolysis is inhibited, resulting in the buildup
of fibrin thrombus, which itself is proinflammatory[7]. It is the interplay between coagulopathy and inflammation that leads
to a significant increase in mortality. The activation of various inflammatory cells such as monocytes and neutrophils will
promote the aggregation of platelets and further aggravate the coagulation process, forming a vicious cycle [8]. Therefore,
understanding the interaction between inflammation and coagulation is of great significance for the management and
treatment of hidden blood loss.

3. Methods of evaluating hidden blood loss

3.1 Clinical manifestations and monitoring indicators

Hidden blood loss (HBL) is a bleeding state that is difficult to be detected clinically, and often manifests as no obvious
symptoms or mild symptoms. Clinical manifestations may include fatigue, weakness, pale skin, and rapid heart rate, which
are often overlooked or mistaken for signs of other conditions, such as anemia or IPT [9]. In order to effectively monitor
hidden blood loss, clinicians will pass a number of laboratory testing techniques. For example, the decrease in hemoglobin
and hematocrit is an important indicator of hidden blood loss, especially in patients with chronic diseases or after surgical
procedures [10]. In clinical practice, occult blood loss can also be diagnosed by observing occult blood in urine and fecal
occult blood test [11]. These monitoring indicators can not only help doctors judge the severity of bleeding, but also detect
the potential risk of bleeding at an early stage, so as to take timely intervention measures.

3.2 Laboratory examination and imaging evaluation

Laboratory tests play a crucial role in the evaluation of hidden blood loss. Routine blood tests can provide information
about hemoglobin levels, red cell counts, and other relevant parameters to help determine whether hidden blood loss is present
[10]. Fecal occult blood tests and urinalysis are also important laboratory tests that can help detect occult gastrointestinal and
urinary bleeding [11]. Imaging evaluation is equally important when visceral hemorrhage is suspected. Imaging techniques
such as ultrasound, CT, and MRI can help identify the location and severity of the hemorrhage, and one study reported that
imaging is important for the early diagnosis of retroperitoneal hematoma [12]. Ultrasound examination, which is commonly
used in clinical practice, can quickly determine whether there is free fluid in the abdominal cavity, so that the doctor can make
the next treatment for the patient's subsequent diagnosis and treatment according to the results. The reasonable application of
laboratory examination and imaging evaluation can roughly judge the hidden blood loss and detect the occurrence of hidden
blood loss in time.
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3.3 Application of emerging techniques in the assessment of hidden blood loss

With the continuous progress of medical technology, the selection of hidden blood loss assessment methods is more
diversified. For example, video capsule endoscopy (VCE) has been used in the diagnosis of difficult gastrointestinal
bleeding, which can effectively identify hidden bleeding in the small intestine [13]. In addition, point-to-point ultrasound
(POCUS) technology has gradually become an important tool in emergency and intensive care, which can quickly assess the
hemodynamic status and fluid status of patients [14]. These emerging technologies not only improve the detection rate of
hidden blood loss, but also provide clinicians with more intuitive and real-time information to help formulate more effective
treatment plans.

4. Factors affecting hidden blood loss

The patient's age, gender and underlying diseases are important factors affecting the hidden blood loss. Moreover,
with the increase of age, patients' physiological function gradually declines, especially cardiovascular and liver function,
which may lead to an increased risk of postoperative bleeding. Some studies indicate that hidden blood loss constitutes a
significant portion (40%) of total bleeding in congenital scoliosis surgery. Younger age is a risk factor for bleeding and
the hidden blood loss should be taken into consideration in their perioperative management[15] .There is a greater risk of
blood loss in diabetes, hypertension and preoperative MRI assessment of thickness of the psoas, thickness of the dorsal
extensor group[16]. In terms of gender, male patients may face a higher risk of bleeding during surgery due to differences in
physiological structure and hormone levels. Surgeons should be aware that patients who require blood transfusions and have
longer surgical durations are at a higher risk of developing more hidden blood loss[17].Professor Kolz JM pointed out: For
patients undergoing PSF for AIS there is more HBL after wound closure than intraoperative blood loss. This HBL is higher in
older patients who undergo longer operations and have a BMI>25kg/m?[18]. This conclusion has implications for other types
of occult blood loss. Moreover, the type and severity of the underlying disease can also directly affect the bleeding tendency
of patients. The choice of surgical method and technique has a significant impact on the occurrence of hidden blood loss.
Different surgical techniques, such as open versus minimally invasive surgery, may lead to different degrees of bleeding risk.
Minimally invasive surgery usually reduces the likelihood of bleeding by reducing damage to surrounding tissues through
smaller incisions and more delicate manipulation [19]. Besides, instruments and techniques used during surgery, such as
electrotome and laser techniques, are able to effectively control bleeding and reduce the incidence of hidden blood loss.
Some scholars study results showed that surgical time is an independent risk factor for HBL. Therefore, HBL should not be
overlooked in patients with multilevel cervical spondylotic myelopathy (MCSM) undergoing unilateral open-door cervical
laminoplasty (UOCL), particularly in the patients with expected long surgical time[20].

The effect of anesthesia method on hidden blood loss should not be ignored. There are significant differences between
general and local anesthesia in terms of physiological response and bleeding control. General anesthesia may cause
fluctuations in the patient's blood pressure during surgery, thereby increasing the risk of bleeding. In addition, the choice
of anesthetic drug also affects the contraction and dilation of blood vessels, which in turn affects the amount of bleeding,
Studies by Lee HA and other scholars show that Choosing propofol over volatile anesthetics during dilatation and evacuation
might reduce bleeding and the incidence of excessive bleeding. However, the quality of the evidence was very low. This
necessitates further trials with a low risk of bias[22].The risk factors of hidden blood loss are advanced age (> 60 years),
unstable fracture, general anesthesia, and intramedullary fixation. Especially in elder patients with unstable fracture treated
by intramedullary fixation under general anesthesia, hidden blood loss is more significant[21]. Local anesthesia usually
provides better control of local blood flow and reduces intraoperative bleeding. Therefore, the choice of anesthesia method
should be considered comprehensively according to the specific condition of the patient and the type of surgery to reduce
the risk of hidden blood loss.

5. Effect of hidden blood loss on postoperative recovery

Hidden blood loss plays an important role in the recovery process after surgery, which not only affects the incidence
of postoperative complications, but also involves the rehabilitation process, functional recovery and the evaluation of the
quality of life of patients. Hidden blood loss may lead to postoperative anemia, aggravate the burden on the heart, prolong
the length of hospital stay, and even increase the risk of death. Therefore, understanding the impact of hidden blood loss on
postoperative recovery is essential to improve patient outcomes.

6. Incidence of postoperative complications and rehabilitation process
Hidden blood loss is closely related to the incidence of postoperative complications. Such as perioperative bleeding
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remains a major complication during and after surgery, resulting in increased morbidity and mortality. The principal causes
of non-vascular sources of haemostatic perioperative bleeding are a preexisting undetected bleeding disorder, the nature of
the operation itself, or acquired coagulation abnormalities secondary to haemorrhage, haemodilution ,or haemostatic factor
consumption[23]. Hidden blood loss may lead to low hemoglobin levels, which increase the risk of postoperative infection,
cardiovascular complications, and other serious complications. Therefore, postoperative monitoring of hidden blood loss and
timely correction of anemia are of great significance to reduce the occurrence of postoperative complications. Hidden blood
loss not only affects the occurrence of postoperative complications, but also has an important impact on the rehabilitation
process and functional recovery of patients [24]. Hidden blood loss may also lead to prolonged postoperative recovery and
poor functional recovery, Professor Yang Y thinks that hidden blood loss is a major factor influencing functional recovery
and quality of life in patients undergoing total knee arthroplasty[25].

7. Assessment of patients' quality of life

The impact of hidden blood loss on the quality of life of patients cannot be ignored. Studies have shown that postoperative
anemia is significantly associated with patients' quality of life, in cardiac surgery, the reported incidence of postoperative
anemia varied from 29% to 94% across the studies, likely because of variations in patient inclusion criteria and classification
of postoperative anemia. Nonetheless, the weight of the evidence suggests that postoperative anemia is common and is an
independent risk factor for adverse postoperative outcomes such as acute kidney injury, stroke, mortality, and functional
outcomes[26]. Physical weakness and fatigue caused by hidden blood loss may make it difficult for patients to perform
daily activities and reduce their quality of life. In addition, the increase of postoperative complications will also lead to the
aggravation of the psychological burden of patients and further affect their quality of life. Therefore, evaluating the impact of
hidden blood loss on the quality of life of patients and taking effective measures to improve their quality of life are important
components of postoperative care.

8. Strategies to prevent hidden blood loss

In clinical practice, hidden blood loss is often ignored, resulting in slow recovery and various complications. Therefore,
in surgery and trauma management, the prevention of hidden blood loss is very important. First of all, the preoperative blood
status of the patient and the potential risk of bleeding should be evaluated, and various techniques should be used to evaluate
the patient's coagulation function to develop an individualized surgical plan. Secondly, intraoperative use of hemostatic
drugs and techniques can significantly reduce the occurrence of blood loss [27]. Of course, postoperative monitoring and
management are also very important.

9. Individualized treatment options

The exploration of individualized treatment is an important direction in the development of modern medicine.
Especially in the management of hidden blood loss, individualized treatment can significantly improve the treatment effect.
Comprehensive assessment of a patient's genome, metabolic profile, and clinical presentation will allow physicians to
develop more precise treatment strategies. For example, selecting appropriate hemostatic drugs and techniques according to
the coagulation function and blood characteristics of different patients can effectively reduce the risk of hidden blood loss.
Professor Oyake K pointed out that individualized treatment also includes assessing the patient's psychological state and
helping the patient establish the correct coping mechanism to improve the compliance and effect of treatment [28].

10. The role of multidisciplinary collaboration in the management of hidden blood

loss

Multidisciplinary collaboration plays an indispensable role in the management of blood loss. Studies have shown that:
Patient blood management (PBM) is a multidisciplinary and patient-centered treatment approach, comprising the detection
and treatment of anemia, the minimization of blood loss, and the rational use of allogeneic transfusions[29]. The complexity
of hidden blood loss requires the participation of medical personnel with different specialties to provide a comprehensive
treatment plan. The collaboration of a multidisciplinary team of surgeons, anesthesiologists, nursing staff and rehabilitation
specialists can ensure that patients receive optimal care before, during and after surgery to reduce the risk of bleeding. At
the same time, the nursing staff observed the patients carefully after the operation, and found and dealt with the potential
bleeding problems in time. In addition, regular discussion and case analysis of the multidisciplinary team are helpful to
summarize experience, optimize the management strategy of hidden blood loss, and improve the overall treatment effect of
patients.

Volume 6 Issue 1 | 2025 | 23 Journal of Clinical Medicine Research



11. Discussion

After the above discussion, we can basically realize the importance of hidden blood loss in the postoperative management
of tibial fractures, and the necessity of the evaluation and intervention measures of hidden blood loss. Hidden blood loss
is often overlooked, but it has an important impact on patient recovery, postoperative complications, and overall treatment
effect. Through the analysis of available studies, we found that despite differences in assessment methods and interventions
for hidden blood loss across studies, there is overall agreement that early recognition and management of hidden blood loss
are critical for improving clinical outcomes.

In the process of evaluating hidden blood loss, clinicians should not only consider the patient's physiological state,
fracture type and surgical method, but also pay attention to the application of modern imaging technology and biomarkers to
improve the diagnostic accuracy of hidden blood loss. In addition, appropriate interventions, reasonable fluid management
and transfusion strategies, are also one of the effective ways to reduce postoperative complications caused by hidden blood
loss.

Future research directions should focus on standardized and individualized assessment methods for hidden blood loss
to improve the quality of patient care. At the same time, various prospective studies were carried out to explore the effects
of different interventions on the recovery of patients with hidden blood loss. At the same time, education and training on
hidden blood loss should be strengthened to improve the cognitive level of medical staff, so as to better ensure the safety of
patients and postoperative recovery

In conclusion, hidden blood loss should not be overlooked in the postoperative management of tibial fractures and
should be paid attention to in clinical practice. Through scientific evaluation and intervention, we can significantly improve
the quality of postoperative recovery of patients and improve the overall medical effect. It is hoped that future research will
further advance this field and provide more guidance for clinical practice.

References

[1] Wennergren D, Bergdahl C, Selse A, Ekelund J, Sundfeldt M, Moller M. Treatment and re-operation rates in one thousand
and three hundred tibial fractures from the Swedish Fracture Register. Eur J Orthop Surg Traumatol. 2021;31(1):143-
154,

[2] Sehat KR, Evans R, Newman JH. How much blood is really lost in total knee arthroplasty?. Correct blood loss manage-
ment should take hidden loss into account. Knee. 2000;7(3):151-155.

[3] Carrillo EH, Bergamini TM, Miller FB, Richardson JD. Abdominal vascular injuries. J Trauma. 1997;43(1):164-171.

[4] Mavrogenis AF, Panagopoulos GN, Kokkalis ZT, et al. Vascular Injury in Orthopedic Trauma. Orthopedics.
2016;39(4):249-259.

[5] Moore C, Kotchetkov R. Anticoagulation and bone marrow biopsy: is it safe to proceed?. Hematology. 2021;26(1):206-
209.

[6] Iba T, Helms J, Levi M, Levy JH. Thromboinflammation in acute injury: infections, heatstroke, and trauma. J Thromb
Haemost. 2024;22(1):7-22.

[7] Gropper MA. Multisystem organ failure: predicting the future. Anesthesiology. 2007;107(1):6-7.

[8] Noone D, Preston RIS, Rehill AM. The Role of Myeloid Cells in Thromboinflammatory Disease. Semin Thromb He-
most. 2024;50(7):998-1011.

[9] Tantawy AA, Elsherif NHK, Kenny MA, Aboulfotouh KA, Hassan AE, Kabil ME. Silent bleeding in children and ado-
lescents with immune thrombocytopenia: relation to laboratory parameters and health related quality of life. ] Thromb
Thrombolysis. 2020;50(2):258-266.

[10] Hahn-Klimroth M, Loick P, Kim-Wanner SZ, Seifried E, Bonig H. Generation and validation of a formula to calculate
hemoglobin loss on a cohort of healthy adults subjected to controlled blood loss. J Transl Med. 2021;19(1):116. Pub-
lished 2021 Mar 20.

[11] Zhao X, Tao M, Chen C, Zhang Y, Fu Y. Clinical Features and Factors Associated with Occult Gastrointestinal Bleeding
in COVID-19 Patients. Infect Drug Resist. 2021;14:4217-4226. Published 2021 Oct 14.

[12] Janak D, Rohn V. Retroperitoneal hematoma: diagnosis and treatment. Retroperitonealni hematom: diagnostika a 1é¢ba.
Rozhl Chir. 2022;100(12):569-575.

[13] Raines DL, Adler DG. The Role of Provocative Testing and Localization of the Video Capsule Endoscope in the Man-
agement of Small Intestinal Bleeding. Gastrointest Endosc Clin N Am. 2021;31(2):317-330.

[14] Li L, Yong RJ, Kaye AD, Urman RD. Perioperative Point of Care Ultrasound (POCUS) for Anesthesiologists: an Over-
view. Curr Pain Headache Rep. 2020;24(5):20. Published 2020 Mar 21.

[15] Raitio A, Heiskanen S, Soini V, Helenius L, Syvénen J, Helenius I. Hidden blood loss and bleeding characteristics in

Journal of Clinical Medicine Research 24 | Qian Chen, et al.



children with congenital scoliosis undergoing spinal osteotomies. Int Orthop. 2024 Jun;48(6):1569-1577. Epub 2024
Jan 17. PMID: 38228759; PMCID: PMC11076341.

[16] Dai Z, Feng DP, Wu KL, Zhu JY, Li ZW. Hidden blood loss of minimally invasive hybrid lumbar interbody fusion:
an analysis of influencing factors. BMC Musculoskelet Disord. 2022 Dec 15;23(1):1099. PMID: 36522729; PMCID:
PMC9753421.

[17] Yang J, Jiang H, Gu H, Du J, Zhuo Y, He K, Yu S. Hidden blood loss and its risk factors after hip reconstruction in
children. J Orthop Surg Res. 2024 Jul 5;19(1):391. PMID: 38970108; PMCID: PMC11225192.

[18] Kolz JM, Neal KM. Hidden blood loss in adolescent idiopathic scoliosis surgery. Orthop Traumatol Surg Res. 2022
Oct;108(6):103216. doi: 10.1016/j.0ts1.2022.103216. Epub 2022 Jan 31. PMID: 35093565.

[19] Zhao Y, Hu J, Xiang J, Li W, Zhu X, Zhao M, Sun R, Hu 'Y, Zhang Q. Hidden blood loss and its risk factors in patients
undergoing laparoscopy and laparotomy for cervical cancer management. Arch Gynecol Obstet. 2019 Jul;300(1):183-
189.Epub 2019 Apr 21. PMID: 31006840.

[20] YangY, Wang F. Hidden blood loss in unilateral open-door cervical laminoplasty for multilevel cervical spondylotic my-
elopathy. Jt Dis Relat Surg. 2024 Apr 26;35(2):293-298. Epub 2024 Apr 26. PMID: 38727107; PMCID: PMC11128948.

[21] Zhang Y, Shen J, Mao Z, Long A, Zhang L, Tang P. [Risk factors of hidden blood loss in internal fixation of intertro-
chanteric fracture]. Zhongguo Xiu Fu Chong Jian Wai Ke Za Zhi. 2014 May;28(5):610-4. Chinese. PMID: 25073283.

[22] Lee HA, Kawakami H, Mihara T, Sato H, Goto T. Impact of anesthetic agents on the amount of bleeding during dilata-
tion and evacuation: A systematic review and meta-analysis. PLoS One. 2021 Dec 22;16(12):e0261494. doi: 10.1371/
journal.pone.0261494. PMID: 34937059; PMCID: PMC8694452.

[23] Ghadimi, K., Levy, J. H., & Welsby, 1. J. (2016). Perioperative management of the bleeding patient. British journal of
anaesthesia, 117(suppl 3), iiil 8—iii30.

[24] Dhawan, Rohit et al. “Enhanced recovery protocol and hidden blood loss in patients undergoing total knee arthroplas-
ty.” Indian journal of orthopaedics vol. 51,2 (2017): 182-186

[25] Yang Y, Yong-Ming L, Pei-jian D, Jia L, Ying-ze Z. Leg position influences early blood loss and functional recovery
following total knee arthroplasty: A randomized study. Int J Surg. 2015;23(Pt A):82-86.

[26] Li MM, Miles S, Callum J, Lin Y, Karkouti K, Bartoszko J. Postoperative anemia in cardiac surgery patients: a narra-
tive review. Anémie postopératoire chez la patientéle de chirurgie cardiaque : un compte rendu narratif. Can J Anaesth.
2024;71(3):408-421.

[27] Morales-Avalos R, Ramos-Morales T, Espinoza-Galindo AM, et al. First Comparative Study of the Effectiveness of the
Use of Tranexamic Acid against e-Aminocaproic Acid via the Oral Route for the Reduction of Postoperative Bleeding
in TKA: A Clinical Trial. J Knee Surg. 2021;34(4):383-405.

[28] Oyake K, Sue K, Sumiya M, Tanaka S. Physical Therapists Use Different Motivational Strategies for Stroke Rehabili-
tation Tailored to an Individual's Condition: A Qualitative Study. Phys Ther. 2023;103(6):pzad034.

[29] Kaserer A, Castellucci C, Henckert D, Breymann C, Spahn DR. Patient Blood Management in Pregnancy. Transfus
Med Hemother. 2023;50(3):245-255. Published 2023 Jan 6.

Author Bio

First Author: Qian Chen(1999-); male; the Han nationality; postgraduate; resident doctor; Research direction:
Orthopedics; E-mail: 2647306203 (@qq.com.

Corresponding Author: Zhishen Liu; male; the Han nationality; postgraduate tutor; Chief orthopedics surgeon; Research
direction: Orthopedics; E-mail: 616465532(@qq.com.

Volume 6 Issue 1 | 2025 | 25 Journal of Clinical Medicine Research



