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Abstract

:

Background and Objective: Intravenous therapy is widely used in clinics to deliver medications and fluids to patients, and overuse may cause intravenous-infusion-associated circulatory overload (IACO) and death. However, forensic data on deaths from the overuse of intravenous therapy are limited. We performed a retrospective study to identify whether causes of death in forensic practice were associated with IACO. Methods: A total of 572 medical-related cases with a history of intravenous infusion who suffered from injuries or illnesses and died after treatment in hospitals were recruited from two centers of forensic medicine between 2002 and 2018. Results: The results demonstrated that 6.47% of cases (37/572) were exposed to an infusion overdose that resulted in deaths related to IACO, and 43.24% of cases (16/37) had a net fluid retention ranging from 3.0 L/d to 13.8 L/d. The highest case was administered 1.4 L blood products and 13.6 L fluids within 25 h. We observed significant decreases in red blood cells, hematocrit, hemoglobin, and platelets from the time of “on admission” to “before death”, except for white blood cells. Autopsy findings of 16 cases revealed some organ or tissue pathological alterations related to IACO, including pale-yellow liquid overflow under the abdominal epidermis, much transudate in body cavities, and lung edema with a high tissue density and no obvious slurry deposition in the alveolar lumen. Another 21 cases died after a rapid infusion rate ranging from 111 to 293 drops/min, which resulted from viral myocarditis on autopsy. Conclusions: Our data on excessive or irrational use of intravenous therapy indicate a severe circulatory overload, which may eventually result in lethal outcomes. Therefore, the use of improper intravenous therapy should be reduced to ameliorate adverse health consequences during clinical treatment.
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1. Introduction


Intravenous (IV) therapy, an effective routine medical treatment in clinical practice, is typically used to correct electrolyte imbalances and deliver medications, blood transfusion, or fluid replacement in patients with dehydration and traumatic hemorrhagic shock [1,2,3]. However, infusion overuse may occur if medical staff or patients do not have adequate knowledge of intravenous therapy. An estimated 16 billion injections are administered annually in underdeveloped countries, and 6.6 billion injections are administered using reused equipment in the absence of sterilization, according to a WHO report [4]. Injection has completely overtaken the real need for this type of administration in certain regions of the world to reach proportions that are no longer based on rational medical treatment. Up to 96% of patients who presented to a primary healthcare provider received an injection in some situations, and over 70% of these injections were unnecessary or could be administered as an oral formulation [4]. Profit-driven overuse of injections and infusions in market-based healthcare systems has become more and more critical as well [5,6]. Statistical publications report that 10.4 billion bottles of medicine were used intravenously in China in 2009, which means that an average of 8 bottles of IV drips per person was used. This average exceeds the world average of 2.5 to 3.3 bottles per person [7]. The irrational use of medications, including the over-prescription of antibiotics, hormones, vitamins, and glucose intravenous infusions, is the biggest problem in China [8].



IV therapy may cause discomfort under permissive infusion volumes or dripping velocities [9]. We previously found numerous cases who died from an excessive infusion through forensic practice [10]. We deemed that administrating a rapid infusion or an extremely large fluid volume may result in circulatory overload. The US Food and Drug Association (FDA) declared that circulatory overload is one of the most frequent complications associated with transfusion-related fatalities [11]. The volume and rate of infusion are the specific risk factors for circulatory overload [12]. However, evidence of deaths in forensic practice is rare. The current study performed a descriptive retrospective study of cases exposed to rapid or extremely large intravenous infusions relating to circulatory overload to gain an understanding of the causation of the overuse of intravenous therapy in forensic practice and stress the importance of regular intravenous infusions in clinics.




2. Materials and Methods


2.1. Study Design


A descriptive retrospective study was implemented after the medical identification of death caused by the Forensic Identification Center of Shantou University (Guangdong, China) and the Institute of Forensic Science, Jiaxing University (Zhejiang, China). A total of 572 medical-related cases were enrolled in the study, and these cases suffered from injuries or illnesses with a history of intravenous infusion and died after treatment in hospitals between 2002 and 2017, excluding the cases that were just sent to the hospital for rescue in a short time or immediately died of trauma or other causes at the crime scene.



All cases were autopsied within 48 h after death. The following individual clinical information was obtained: medical history, reasons for admission and departments, grade of hospitals including third-tier hospitals (with over 500 beds), second-tier hospitals (with 250–500 beds) first-tier hospitals (community hospitals), and clinics according to the classification of Chinese hospitals [13], physical examination, blood biochemical examination, administered fluid therapy (types and amounts of fluid), autopsy and histopathological observation. Experienced pathologists and medico-legists carefully reviewed and checked all data. After reviewing all the data, we analyzed the cause of death [14] of those cases in combination with the medical process and then focused on two types of cases, including those with rapid infusion and heart disease, or at least 4.0 L of net fluid retention per day during admission [15].




2.2. Statistical Analysis


The infusion rate index was calculated using the following equation: the infusion rate index (drops/min) = the volume of fluid intake (mL)/time (min) ×20 drops/mL. We used Wilcoxon signed-rank tests, including paired and two independent samples, to compare the geometric means of routine blood and biochemical indexes from the time of “on admission” to “before death”, and lung weight and density. A statistical p-value lower than 0.05 or 0.01 was considered significant. All data were recorded and analyzed using Microsoft Excel, GraphPad Prism 5, and SPSS software version 16.0.





3. Results


3.1. General Characteristics of the Study Cases


Males accounted for 62.84% of 572 medical-related cases, and 37.16% were female. The age range was 5 to 68 years old (median: 47 y). All cases were distributed amongst infectious diseases (34.4%), orthopedics (25.0%), obstetrics and gynecology (22.6%), pediatrics (12.9%), neurosurgery (3.5%), and others (1.6%) at the beginning of hospitalization (Figure 1a). There were 132 cases from third-tier hospitals, 154 from second-tier hospitals, 97 from first-tier hospitals (community hospitals), and 189 from clinics (Figure 1b).




3.2. IV-Infusion-Associated Circulatory Overload (IACO)


IACO is a liquid transfusion condition that occurs after the rapid transfusion of a large volume of liquid. A total of 37 cases were exposed to an infusion overdose that resulted in death. Sixteen of these cases had a net fluid retention, and the remaining cases received a relatively rapid infusion accompanied by primary viral myocarditis (Table 1 and Table 2). Clinical reports revealed that the 16 cases with a massive fluid infusion were aged 12 to 53 years (median: 34.5 y) and included 9 males and 7 females who suffered shock because of trauma, infection, or delivery, and accepted high-volume transfusions. Another 21 cases with diagnoses of common cold, upper respiratory tract infection, pneumonia, or acute gastroenteritis died during the infusion treatment process in the hospital or clinic.




3.3. IV Fluids and Clinical Laboratory Diagnostics


The amount of IV fluid administered in 16 cases ranged from 3.0 L/d to 13.8 L/d, and the highest administration reached 1.4 L of blood products and 13.6 L of fluids within 25 h. Table 3 shows the total and daily net fluid retention. Cases No. 1 to 7 had a high proportion of colloid fluid administration, such as fresh frozen plasma or whole blood because of active bleeding in the intraperitoneal cavity, and the remaining cases were primarily prescribed crystal fluid (Table 3). The most common type of crystal fluid prescribed was Ringer’s lactate liquid, followed by 5% glucose, normal saline, and others, and some cases were pre-charged with 10% potassium chloride. We also observed a hemodilution and significant decrease in red blood cells, hematocrit, hemoglobin, platelets, potassium ions, sodium ions, and chloride ions from the time of “on admission” to “before death” (p < 0.05). However, there was no significant change in white blood cells because of a severe infection before death in most cases (Table 4).



The average amount of IV fluid administration (1305 ± 605 mL) in 21 cases of rapid infusion was much lower than the 16 cases of massive fluid infusion, and the infusion rate reached approximately 111–293 drops/min, which is 2 times higher than the value recommended by the Chinese Medical Association (Table 5).




3.4. Autopsy Findings


All of the bodies suffered from severe anasarca, except for the primary injury or disease (Figure 2a). Some cases, such as Nos. 3, 5, and 12, had pale-yellow liquids overflowing from subcutaneous soft tissues when making an incision in the epidermis and were diffused with frothy-like edema in subcutaneous soft tissues (Figure 2b,c). A large volume of transudate was found in the body cavities in some cases, especially cases No. 1 to 16, with a varying degree of peritoneal bloody fluid (Table 6). Lungs displayed swollen surfaces, obvious liquid and blood, and a higher tissue density in sections that reached twice the expected normal values [16]. Pulmonary interstitial and alveolar tissues were edematous with the formation of a hyaline membrane and small vessel thrombosis, scattered bleeding, and inflammatory cell infiltration.



A slurry deposition was not obvious in alveolar tissues in the 16 cases of the massive fluid infusion, which contradicted the lung edema and higher weight and density of the lungs. The concentration of plasma protein was obviously reduced because the blood was severely diluted after treatment with a large volume of crystalloid solution. The edema fluid was primarily water, and dehydration was observed in hematoxylin-eosin (HE) staining, which showed blank and lightly stained alveolar spaces that are the pathological alterations of hemodilution and severe hypotonic pulmonary edema (Figure 2d). The heart presented significant spherical swelling, highly hydropic degeneration, and an irregular fracture in the myocardium. Diffused edema of the viscera was observed in the brain, liver, kidney, and spleen with cerebellar tentorium hernia, tonsillar hernia formation, and ballooning changes in neurons. Congestion and hemodilution with few blood cells were observed in most vessels of the internal organs.



Effusions were detected in the pleural and pericardial cavities in the 21 cases with rapid infusion, with a smaller volume of transudates in the pleural, peritoneal, and pelvic cavities (p < 0.05) and a similar volume in the pericardial cavity (p > 0.05) compared to the cases of massive fluid infusion. Pulmonary edema was smaller in the rapid infusion cases compared to the massive fluid infusion cases (Table 6). The heart was soft, and the apex was round and obtuse. The histopathological features were quite typical with the following changes (Figure 2e): (1) swollen myocardial interstitium, (2) diffuse infiltration of monocytes and lymphocytes, and (3) splitting of myocardial fibers into cord-like fibers with some irregular fracture of the myocardium. These pathological alterations in 21 cases were finally diagnosed as viral myocarditis.





4. Discussion


Intravenous infusion is the most direct and effective treatment delivery in modern clinics. An overuse of intravenous injections and infusions might occur in the absence of rational management for healthcare nurses. A previous study examining 230,800 prescriptions in 784 community health institutions from 28 cities in China between 2007 and 2009 demonstrated substantial overprescribing, including twice as many prescriptions for antibiotics as recommended by the WHO and rates of injection that was three times higher than rates in similar countries [17]. The number of adverse drug reaction reports to anti-infective agents ranked first in 2017 and accounted for 42.3% of all chemical drugs according to the Annual Report for National Adverse Drug Reaction Monitoring [18]. For example, intravenous injections account for 61.0% of all drug doses in 2017, which rose by 2.1% compared to 2016 [18,19].



The present study found a comparably high use of intravenous therapy and a high composition ratio of medical issues. These observations may be a consequence of poor investment in the healthcare system and the relatively low salaries for doctors in certain areas [7,20]. The reduced subsidy for healthcare and an inappropriate incentive system makes hospitals and doctors seek greater profit. For example, bonuses for physicians, which make up a large share of their total compensation, are linked to the revenue they generate for the hospital. Fortunately, realigning the incentive system for China’s healthcare is underway, such as a “zero profit” policy excluding some drugs, since 2013 to prevent or reduce physicians and hospitals from receiving greater rebates from increased prescriptions and an appropriate increase in the proportion of performance bonuses in total salary to increase the difference in the distribution of gross income for physicians [21]. On the other hand, some doctors may not receive a good health education and may ignore routine medical practices for diseases. Notably, inadequate knowledge and the suboptimal prescribing of fluids and electrolytes were discovered in 25 British hospitals [22]. However, there are no relevant data in China. Some errors, such as a lack of weight monitoring during admission, uncontrolled hemorrhaging, fluid imbalance, and no fluid restriction with acute renal insufficiency upon admission, resulted in an extremely large amount of fluid administration in our study. However, the elevated use of intravenous injections is demanded by patients who want an injection instead of oral medication, which would provide the same recovery [7]. Therefore, the mode of treatment delivery often seems more important than the outcome. Some patients take the initiative to go to outpatient or individual clinics for an infusion to achieve faster recovery because of personal reasons, as reported previously [7] and in the current study.



Intravenous therapies for patients include blood products, antibiotics, crystalloid solutions, hormones, vasodilators, some anesthetics, and parenteral nutrition. IV therapy is accidentally accompanied by circulatory overload, acute lung injury, hemolytic transfusion reactions, microbial infection, or other types of adverse reactions. Advances in blood-donor procurement procedures and infusion techniques have remarkably relieved the incidence of blood transfusion complications, but the impact on intravenous-therapy-associated IACO continues to be underestimated. Accumulating evidence reveals that numerous complications occur during IV therapy, such as tissue infiltration, bloodstream infection, vascular laceration, air embolism, fluid overload, phlebitis, incompatible drug co-infusion, and some medication errors (e.g., incorrect administration of drugs or doses) [23]. Drugs that are administered via direct IV injection likely exhibit 100% bioavailability, especially in cases of circulatory failure. However, only half of the cases can increase cardiac output due to inter-individual variability in the relationship between cardiac output and preload [24]. On the other hand, irrational intravenous therapy and fluid management may cause much higher risks than any other route of administration [25]. Drugs are delivered to the target site rapidly with IV infusion, but the risk of overload is increased if the volume was calculated incorrectly or ignored, and an increased opportunity of side effects occurs if the drug is administered too rapidly [12,26,27,28,29]. Studies have shown that increased fluid balance was independently associated with the mortality of patients in shock, especially during septic shock, and with an increased rate of postoperative complications [30,31].



Fluid overload was detected in cases of massive fluid infusion in the current study. A large volume of colloid liquids, such as plasma and whole blood, and crystal fluids were administered under the condition of uncontrolled active bleeding in cases No. 1 to 7. However, studies in vivo and clinical research on uncontrolled hemorrhaging demonstrated that aggressive fluid resuscitation increases blood pressure, reverses vasoconstriction, dislodges early thrombi, reduces blood loss, causes a dilutional coagulopathy, and reduces oxygen delivery [32,33]. Excessive crystal fluids accumulated daily during admission in all cases. There is no doubt that pulmonary edema will occur due to excessive fluid retention [29] and end with acute respiratory distress syndrome (ARDS) and death [34]. An extreme hemodilution may also have exerted a deleterious effect on patients with trauma to a different degree in the current study. Factors such as electrolyte imbalance and diminution in physiological hormone concentrations [35] and trace elements [36,37,38] may concurrently result in multiple organ failure and death.



Our data further indicated that 21 cases of viral myocarditis with a rapid infusion rate were misdiagnosed with acute upper respiratory tract infection or acute gastroenteritis. A careful history and thorough clinical assessment, including ECG and further diagnostic tests, should be performed despite the absence or limited clinical or imaging findings for myocarditis [39]. This procedure is recommended because viral myocarditis can present as a mild disease without any symptoms but may cause chest pain, heart failure, or sudden death [40]. Some medications, including diuretics, are used to prevent or treat fluid overload because of the high incidence of left ventricle dysfunction [41]. Therefore, a relatively massive and rapid infusion over a short period of time in myocarditis patients without a clearer diagnosis may be fatal because the infusion may result in acute pulmonary edema and circulatory overload, aggravate congestive heart failure, and lead to sudden death. The infusion of antibiotics has no effect against viral infections, which result in acute upper respiratory tract infections, such as the common cold [42]. ECG examinations are necessary before infusion, especially for patients who have heart disease with no obvious symptoms or an unconfirmed diagnosis.




5. Conclusions


In conclusion, some extreme consequences were found in IACO-related death cases, such as pale-yellow liquid overflow under the abdominal epidermis, a large volume of transudate in body cavities, and severe hypotonic pulmonary edema with no obvious slurry deposition in the alveolar lumen. This study highlights the suboptimal infusion practices that may cause an acute hypotonic pulmonary edema that results in severe IACO and ends with death. Therefore, an assessment of IACO risk factors prior to an infusion and fluid management monitoring for patients are needed, and essential healthcare policies to reduce the overuse of intravenous therapy and strengthen the training for doctors are required in the future.



However, there are limitations to this work. Subjects in the massive infusion cases were focused on patients who are diagnosed with certain diseases during admission. They were presented with a variety of diseases but the treatment criteria from different hospitals might not be consistent. Thus, the fluid volumes during transfusion therapy varied with their disease situation. We just retrospectively calculated the amount of fluid intake and output, and it was difficult to identify whether the massive infusion was caused directly by the disease itself or malpractice. Furthermore, the cases in the rapid infusion generally lacked detailed medical history and we could only make an excluded pathological death diagnosis from autopsy findings. Therefore, a further study should be performed in clinical cases to validate these findings in forensic practice.
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Figure 1. The general characteristics of the 572 cases. Notes: (a) the disease distribution of the cases; (b) the medical institution distribution of the cases. 
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Figure 2. The pathologic changes of macroscopic and microscopic examination in the 16 cases of massive fluid infusion (a–d) and the 21 cases of rapid infusion (e). Notes: (a) a widespread swelling of the systemic skin; (b) a pale-yellow liquid overflowed from the subcutaneous when making an incision in the epidermis; (c) a diffused frothy-like edema of diaphragm tissues; (d) hypotonic pulmonary edema: formation of hyaline membrane and a blank and lightly staining of alveolar spaces in HE, ×200; (e) diffused infiltration of monocytes and lymphocytes in the myocardial interstitial in HE, ×400. 






Figure 2. The pathologic changes of macroscopic and microscopic examination in the 16 cases of massive fluid infusion (a–d) and the 21 cases of rapid infusion (e). Notes: (a) a widespread swelling of the systemic skin; (b) a pale-yellow liquid overflowed from the subcutaneous when making an incision in the epidermis; (c) a diffused frothy-like edema of diaphragm tissues; (d) hypotonic pulmonary edema: formation of hyaline membrane and a blank and lightly staining of alveolar spaces in HE, ×200; (e) diffused infiltration of monocytes and lymphocytes in the myocardial interstitial in HE, ×400.
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Table 1. The demographic characteristics of the 16 cases of massive fluid infusion.






Table 1. The demographic characteristics of the 16 cases of massive fluid infusion.





	No.
	Age/Gender
	Cause of Hospitalization
	Medical Diagnosis
	Other Injury or Disease and Surgical Conditions
	Cause of Death
	Grade of Hospital





	1
	28/female
	Postpartum hemorrhage
	Postpartum hemorrhage shock
	Hypoxic ischemic encephalopathy, Lung infection/

Hysterectomy
	DIC *, IACO
	Clinics and first- and third-tier



	2
	38/female
	Postpartum hemorrhage
	Postpartum hemorrhage shock
	Multiple organ dysfunction syndrome

Total abdominal hysterectomy
	Hemorrhagic shock, IACO
	Clinics and first- and third-tier



	3
	38/female
	Traffic accident
	Crush injury of back and buttocks
	Comminuted fracture of the pelvis, Multiple vascular ruptures and bleeding/Colporrhaphy surgery
	Hemorrhagic shock, IACO
	Third-tier



	4
	34/female
	Gestational hypertension
	Uterine rupture
	Massive hemorrhage, P2G1/

No surgery
	Hemorrhagic shock, IACO
	Clinics and second-tier



	5
	12/male
	Traffic accident
	Blunt abdominal trauma
	Mild traumatic shock, Separation of the symphysis pubis

Laparotomy surgery
	Traumatic shock, IACO
	Third-tier



	6
	35/male
	Right abdominal pain
	Spontaneous rupture of sigmoid colon tumor
	Massive hemorrhage/

Laparotomy
	Hemorrhagic shock, IACO
	Second-tier



	7
	30/female
	Abdominal pain
	Ectopic pregnancy
	Rupture of the left isthmus pregnancy, massive hemorrhage/No surgery
	Hemorrhagic shock, IACO
	Clinics and first-tier



	8
	49/male
	Suffer a serious injury
	Left cerebellar hemorrhage, Tentorial notch hernia
	Multiple-organ dysfunction syndrome, Hypertension/

No surgery
	Multiple organ failure, IACO
	Third-tier



	9
	22/female
	Injury by fall from height
	Compression fractures of Vertebral L1
	Suppurated peritonitis, Toxic shock/

Corpectomy (decompression surgery)
	Multiple organ failure, IACO
	Third-tier



	10
	20/male
	Suffer a serious injury
	Extensive stab wounds, Fracture of the right distal ulna
	Hemorrhagic shock/Left thoracotomy, Abdominal debridement, Fracture fixation
	Multiple organ failure, IACO
	Second-tier



	11
	34/male
	Metastatic pain in right-lower abdomen
	Acute appendicitis
	Limitations of peritonitis/

Appendectomy
	Septic shock, IACO
	Second-tier



	12
	49/male
	Suffer a serious injury
	Traumatic duodenal perforation
	Diffuse purulent peritonitis, pancreatic injury/

No surgery
	Septic shock, IACO
	Second-tier



	13
	19/female
	Upper abdominal pain
	Gastric fundus perforation
	Diffuse purulent peritonitis/

Open repair of gastric perforation
	Septic shock, IACO
	Third-tier



	14
	53/male
	Traffic accident
	Fracture of upper tibia and fibula
	Extensive soft tissue injuries, Lung infection/

Fracture fixation
	Septic shock, IACO
	Second- and third-tier



	15
	45/male
	Suffer a serious injury
	Suppurative pneumonia
	Extensive soft tissue injuries, Systemic inflammatory response syndrome/No surgery
	Septic shock, IACO
	Second-tier



	16
	38/male
	Suffer a serious injury
	Blunt abdominal trauma
	Jejunum rupture, Secondary suppurative pneumonia/

Laparotomy
	Septic shock, IACO
	Third-tier







Notes: * DIC, disseminated intravascular coagulation.
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Table 2. The demographic characteristics of the 21 cases of rapid infusion.






Table 2. The demographic characteristics of the 21 cases of rapid infusion.





	No.
	Age/Gender
	Medical Diagnosis
	Clinical Manifestations
	Cause of Death
	Grade of Hospital





	1
	30/male
	Heatstroke
	Generalized weakness and pain
	Acute viral myocarditis, IACO
	Clinics



	2
	38/male
	Acute gastroenteritis
	Dizziness, vomiting, fever, and cough for 3 days
	Acute viral myocarditis

focal necrosis of myocytes, IACO
	Clinics and second-tier



	3
	13/male
	Upper respiratory tract infection/Pneumonia
	Cough, fever for 2 days
	Acute viral myocarditis, IACO
	Second-tier



	4
	36/male
	Upper respiratory tract infection/Pneumonia
	Fever, cough, dizziness, nausea, and vomiting for 2 days
	Acute viral myocarditis, IACO
	Clinics



	5
	45/male
	Gastrointestinal-type cold
	Fever, vomiting, and diarrhea for days
	Acute viral myocarditis
	First-tier



	6
	30/female
	Upper respiratory tract infection/Pneumonia
	Throat discomfort, chest pain, and tightness for 3 days
	Acute lymphocytic pancarditis, focal necrosis of myocytes, IACO
	Second-tier



	7
	27/male
	Fever
	Feeling cold
	Acute viral myocarditis, IACO
	Clinics



	8
	21/female
	Upper respiratory tract infection
	Sore throat
	Acute viral myocarditis, IACO
	Clinics



	9
	9/female
	Fever
	Abdominal pain and vomiting
	Acute viral myocarditis, IACO
	Clinics



	10
	28/female
	Acute tonsillitis
	Sore throat, dizziness, mild chills, and pain in the limbs
	Acute lymphocytic pancarditis, IACO
	First-tier



	11
	4/female
	-
	Abdominal pain and vomiting
	Acute lymphocytic pancarditis, IACO
	Clinics



	12
	35/male
	Upper respiratory tract infection/Pneumonia
	Cough and fever for 1 day
	Acute viral myocarditis, IACO
	Clinics



	13
	8/male
	Upper respiratory tract infection
	Fever and cough for 2 days
	Acute viral myocarditis, IACO
	Clinics



	14
	43/female
	Bronchial asthma
	Cough, severe asthma
	Acute viral myocarditis, IACO
	Clinics



	15
	27/male
	-
	Cough and weakness
	Acute viral myocarditis, IACO
	Clinics



	16
	12/female
	Fever
	Fever
	Acute lymphocytic myocarditis, IACO
	Clinics



	17
	31/female
	-
	Fever and dizziness
	Acute viral myocarditis, IACO
	Second-tier



	18
	19/male
	Acute tonsillitis
	Sore throat and feeling cold
	Acute lymphocytic myocarditis, IACO
	First-tier



	19
	36/male
	Fever
	Fever and pain in the limbs
	Acute viral myocarditis, IACO
	Clinics



	20
	37/male
	Gastrointestinal-type cold
	Fever, vomiting, and abdominal pain
	Acute viral myocarditis, IACO
	Clinics



	21
	30/male
	Fever
	Fever and feeling cold
	Acute viral myocarditis, IACO
	Clinics
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Table 3. IV fluid volumes in the 16 cases of massive fluid infusion.






Table 3. IV fluid volumes in the 16 cases of massive fluid infusion.





	No.
	Time
	Fluid Intake (mL)
	The Ratio of Colloid and Crystal Fluid (mL:mL)
	Fluid Output (mL)
	Fluid Retention (mL)
	Fluid Retention Index (mL/d)





	1
	59 h
	29,310
	17,900:11,410
	8715
	20,595
	8378



	2
	6 h
	10,350
	3800:6550
	1500
	8850
	-



	3
	21 h
	10,560
	1560:9000
	320
	10,240
	-



	4
	30 h
	10,800
	4800:6000
	4000
	6800
	5440



	5
	25 h
	15,000
	1400:13,600
	600
	14,400
	13,824



	6
	16 h
	11,200
	5000:6200
	3500
	7700
	-



	7
	45 h
	25,120
	6120:19,000
	5830
	19,290
	10,288



	8
	10 d
	49,580
	350:49,230
	9380
	40,200
	4020



	9
	4 d
	22,025
	500:21,525
	4180
	17,845
	4461



	10
	12 d
	88,750
	6000:82,750
	5730
	83,020
	6918



	11
	5 d
	32,840
	1250:31,590
	5360
	27,480
	5496



	12
	36 h
	14,800
	1000:13,800
	5600
	9200
	6133



	13
	22 h
	5454
	1000:4554
	1000
	4554
	-



	14
	3 d
	18,600
	1500:17,100
	4000
	14,600
	4867



	15
	5.5 d
	36,660
	1100:35,560
	8500
	28,160
	5120



	16
	7 d
	81,585
	3500:78,085
	2825
	78,760
	11,251
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Table 4. Biochemical outcomes from “on admission” and “before death”.






Table 4. Biochemical outcomes from “on admission” and “before death”.





	Index
	On Admission
	Before Death
	p-Value





	Red blood cells [3.5–4.5 × 1012/L]
	3.84 (3.61, 4.14)
	2.23 (1.88, 2.92)
	0.000



	Hematocrit [37–54%]
	41.20 (39.30, 47.75)
	22.00 (19.58, 23.50)
	0.000



	Hemoglobin [110–160 g/L]
	113.00 (89.25, 147.75)
	65.50 (48.25, 84.00)
	0.000



	Platelets [100–300 × 109/L]
	199.00 (168.75, 273.00)
	68.50 (59.75, 81.50)
	0.000



	White blood cells [4–10 × 109/L]
	16.35 (11.08, 25.10)
	14.20 (9.55, 22.93)
	0.438



	Potassium ions [3.5–5.5 mM]
	5.16 (4.58, 5.90)
	3.15 (2.80, 3.38)
	0.000



	Sodium ions [135–145 mM]
	142.40 (138.13, 144.80)
	127.25 (122.83, 131.00)
	0.000



	Chloride ions [96–106 mM]
	99.40 (98.08, 103.90)
	87.25 (81.30, 95.72)
	0.000







Notes: The numbers in square brackets represent the normal reference values in the Chinese population. The numbers in parentheses represent the 25th and 75th percentiles.
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Table 5. IV fluid volumes and rates in the 21 cases of rapid infusion.






Table 5. IV fluid volumes and rates in the 21 cases of rapid infusion.





	No.
	Time
	Fluid Intake (mL)
	Infusion Rate Index (Drops/min)





	1
	3 h
	1360
	151



	2
	1.25 h
	1100
	293



	3
	3 h
	1500
	167



	4
	1.5 h
	1000
	222



	5
	1.5 h
	1000
	222



	6
	1.25 h
	600
	160



	7
	1 h
	500
	167



	8
	5 h
	2250
	150



	9
	1.5 h
	700
	156



	10
	2 h
	750
	125



	11
	1.5 h
	1000
	222



	12
	1.5 h
	500
	111



	13
	1 h
	350
	117



	14
	3 h
	1250
	139



	15
	2 h
	1250
	208



	16
	1.5 h
	750
	167



	17
	2 h
	1050
	175



	18
	2.5 h
	1500
	200



	19
	3 h
	1500
	167



	20
	1 h
	700
	233



	21
	3.5 h
	2500
	238







Notes: There was no fluid output record because the death happened in a very short time.
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Table 6. Lung weight and density and transudate in the cavities.






Table 6. Lung weight and density and transudate in the cavities.











	Indicator
	The 16 Cases of Massive Fluid Infusion
	The 21 Cases of Rapid Infusion
	p-Value





	Lungs
	
	
	



	Weight (g)
	1656 (1297, 1823)
	1018 (780.5, 1475)
	0.003



	Density (g/mL)
	0.975 (0.918, 1.045)
	0.826 (0.731, 0.870)
	<0.001



	Transudate in the cavity (mL)
	
	
	



	Pleural
	1810 (1513, 1975)
	250 (200, 300)
	<0.001



	Pericardial
	30 (30, 40)
	32 (22.5, 40)
	0.988



	Peritoneal and pelvic
	2090 (1763, 2650)
	0 (0, 87.5)
	<0.001







Notes: The numbers in parentheses present as 25th and 75th percentiles.
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