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EXECUTIVE SUMMARY

Description:
The FDA approved hydroxyethyl starch 6% 130/0.4 (Voluven®) in late 2007 for the prophylaxis and treatment of hypovolemia. It is among a number of hydroxyethyl starch solutions available in the US. Hydroxyethyl 6% 130/0.4 is often referred to as a third-generation or newer generation starch and was developed with the goal of reducing known adverse effects that can occur with older hydroxyethyl starch solutions, including severe, delayed-onset pruritis, impaired coagulation and renal dysfunction. Starches with higher molecular weight, higher degree of molar substitution and higher C2/C6 ratio have greater persistence within the intravascular space but are also believed to be associated with a greater risk for tissue accumulation and adverse events. Hydroxyethyl starch 130/0.4 has a lower molecular weight, a lower degree of molar substitution but a higher C2/C6 ratio. 

Dosing: 

Hydroxyethyl starch 130/0.4 is utilized for maintaining and/or restoring intravascular volume and is administered by intravenous infusion. 

The daily dose and infusion rate depend upon an individual’s blood loss, on the maintenance or restoration of hemodynamics and on hemodilution. The administration of hydroxyethyl starch 130/0.4 can be repeated over several days. 

Because there is a risk for anaphylactoid reactions with Voluven®, the initial 10-20 ml should be infused slowly while carefully observing the patient for adverse events.

In adults, up to 50 ml/kg of body weight can be administered daily resulting in an approximate maximum daily dose of 3,500 ml of Voluven® in a 70 kg person.
Efficacy (Critically Ill/Septic or Surgical):
A number of clinical trials have been conducted in which the efficacy and safety of HES 130/0.4 was compared to a variety of crystalloid (e.g., normal saline, Ringer’s lactate, etc.) or colloidal (e.g., other starches, albumin, gelatin [not available in the US] and dextran) solutions in the setting of critical illness/sepsis or surgery. (Because of the serious allegations against Dr. Joachim Boldt of fabricating evidence, not obtaining IRB approval, etc., none of the trials in which Dr. Boldt is listed as a contributor were included.)
In critically ill or septic patients, there are limited data comparing 6% HES 130/0.4 to other colloids or crystalloids (available in the US). Therefore it is difficult to determine whether HES 130/0.4 offers any advantage or disadvantages over the other products used for fluid resuscitation in septic patients. Available guidelines support the use of either colloids or crystalloids without a preference for fluid type due to a lack of evidence proving differences in relevant outcomes between products. Because of inconsistent data regarding the effect of HES solutions on renal function in patients with sepsis, two clinical trails have been designed and are underway to help answer that question: “6S-Scandinavian Starch for Severe Sepsis/Septic Shock Trial” comparing 6% HES 130/0.4 to crystalloids in 800 patients with severe sepsis. The primary outcome measure in this trial is a composite of mortality and end-stage kidney failure. A second trial “Crystalloid versus Hydroxyethyl Starch Trial (CHEST)” is comparing 6% HES 130/0.4 to crystalloids (saline) in 7,000 critically ill patients in the intensive care unit. The primary endpoint of this trial is death from all causes at 90 days. Secondary endpoints include renal failure, SOFA score, use of renal replacement therapy, ICU stay, etc. The CHEST study began in April 2010.

In the six included clinical trials involving surgical patients, clinical outcomes did not differ significantly between 6% HES 130/0.4 and either crystalloid or colloids administered (HES 670/0.75, albumin, 6% Dextran 70) in perioperative or postoperative blood loss, transfusion requirements or organ function. In several studies, differences in certain variables (e.g., levels of 2-hour postoperative nadir Factor VIII or von Willebrand Factor (vWF), slightly increased INR, etc.) were observed but the clinical significance of these differences is unknown. In the study comparing 6% HES 130/0.4 to 6% Hetastarch (670/0.75), although some differences were observed in secondary endpoints, the FDA medical reviewer commented that safety endpoints in this particular trial were considered in a sequential manner, so if one endpoint was not statistically different, analysis of subsequent endpoints could only be considered exploratory. The FDA reviewer concluded that superior safety could not be proven based upon data from the trial. A Cochrane review of fluid replacements in abdominal aortic surgery found a lack of evidence to support one fluid as the optimal fluid replacement in patients having abdominal aortic surgery. Existing guidelines for fluid replacement in adult surgical patients do not recommend a particular fluid replacement but recommend that either balanced crystalloids or a “suitable” colloid be used to replace lost blood. Finally, in vitro coagulation studies demonstrate that 6% HES 130/0.4 does have an effect on platelet function/coagulation as assessed by thrombelastography (TEG) measurements. Based upon this information, it is unclear if 6% HES 130/0.4 offers any advantage or disadvantage over crystalloids or other colloids for fluid replacement in surgical patients. 
Safety:
With regard to adverse effects, available evidence is lacking from clinical trials to support a clear safety advantage of 6% HES 130/0.4 over other hydroxyethyl starches. 
Contraindications:

The use of 6% HES 130/0.4 is contraindicated in the following situations:

· Known hypersensitivity to HES

· In fluid overloaded patients (e.g., pulmonary edema, congestive heart failure)

· In patients with renal failure with oliguria or anuria unrelated to hypovolemia

· Patients receiving dialysis

· In patients with severe hypernatremia or severe hyperchloremia

· In patients with intracranial bleeding
Warnings and Precautions:


· Anaphylactoid reactions have been reported in association with HES solutions. The initial 10-20 ml should be infused slowly while carefully observing the patient for adverse events. If hypersensitivity occurs, HES 130/0.4 should be promptly discontinued and treatment for the allergic reaction should continue until symptoms have resolved. 

· Fluid status should be monitored on a regular basis during treatment with HES 130/0.4 especially in those patients with cardiac insufficiency or severe renal impairment.

· In severely dehydrated patients, crystalloid solutions should be administered prior to HES solutions. Sufficient fluid should be administered to prevent dehydration.

· Added caution is advised when administering HES 130/0.4 to patients with severe liver disease or severe bleeding disorders (e.g., severe cases of von Willebrand’s disease).

· Monitoring of the patient’s clinical status as well as laboratory tests (e.g., electrolytes, renal function, acid-base status and coagulation parameters) is warranted during prolonged use of HES and/or whenever the patient’s condition dictates close monitoring.

· Serum amylase may be increased temporarily after use of HES 130/0.4 and may interfere with the diagnosis of pancreatitis.

· At high doses of HES 130/0.4, dilutional effects may result in reduced levels of clotting factors, other plasma proteins and a reduction in hematocrit.

· As with all plasma substitutes, infusion of excessive HES can lead to overloading of the circulatory system. If this occurs, the infusion should be stopped and diuretics administered.
Place in Therapy:

At present, the place in therapy for 6% HES 130/0.4 (Voluven®) is unclear, as it has not been shown to be superior in safety or efficacy compared to other agents and because data are very limited, particularly in patients with sepsis.  Since the maximum approved daily dose for fluid resuscitation is higher for 6% HES 130/0.4 (50 ml/kg/day) than other available starches (20ml/kg/day), 6% HES 130/0.4 is an option for those patients requiring large amounts of crystalloid and/or colloid solutions (> 20ml/kg/day) or as an alternative to albumin. However, since there are also limited published data in patients receiving maximum daily doses of 6% HES 130/0.4 (Voluven®), patients receiving these higher doses should be closely monitored for adverse events including bleeding, delayed onset pruritis and renal impairment.
INTRODUCTION

For years, there has been ongoing debate regarding the ideal fluid replacement strategy for intravascular fluid resuscitation in critically ill patients. For example, use of colloids versus crystalloids and more recently, colloid versus colloid due to the widespread use of colloids; a growing number of available colloid products (e.g. hydroxyethyl starches {HES}, dextran and albumin); and the assumption that colloids are more effective than crystalloids at restoring intravascular fluid volume despite a lack of evidence to support that assumption. There are a number of HES products available in the United States.  Their ability to persist in the intravascular space is dependent upon a number of factors including mean molecular weight (to a lesser degree), molar substitution, and pattern of hydroxyethylation of glucose subunits (ratio of C2/C6). HES products with a higher mean molecular weight, a higher degree of molar substitution and a higher ratio of C2/C6 have longer half-lives and persist longer in the intravascular space. These factors are also thought to contribute to greater tissue accumulation of HES and a greater risk for impairment of coagulation and renal function. Voluven® has a lower mean molecular weight than other available HES products, a lower degree of molecular substitution but a higher C2/C6 ratio. It was developed with the goal that these characteristics might result in a similar volume benefit for fluid resuscitation or volume replacement but a lower risk for adverse events, especially on coagulation and kidney function.

The purposes of this monograph are to (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating 6% hydroxyethyl starch 130/0.4 in 0.9% sodium chloride (Voluven®) for possible addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for its rational use in the VA. 
PHARMACOLOGY/PHARMACOKINETICS1-6, 
Hydroxyethyl starch (HES) solutions, such as Voluven®, are administered intravenously to expand plasma volume. There are a number of volume expanding starch solutions available but each differs in terms of its mean molecular weight, molar substitution (number of hydroxyethyl groups/10 subunits of glucose; Voluven® has 4 hydroxyethyl groups/10 subunits of glucose=0.4) and C2/C6 ratio (hydroxyethyl groups attached to carbons 2, 3 or 6 of the glucose molecule, Voluven’s® C2/C6 ratio is 9:1). Molar substitution and C2/C6 ratio, to a greater degree than molecular weight, determine in vivo behavior and rate of elimination or degradation of HES products (refer to tables 1-3). Differences in these characteristics are thought to be responsible for the variation in vascular persistence, tissue accumulation and adverse events between products. Hydroxyethyl starches solutions with a higher mean molecular weight; a higher degree of molar substitution; and a higher ratio of C2/C6 are metabolized more slowly resulting in a prolonged vascular persistence and potentially a higher incidence of adverse events. It should be emphasized that vascular persistence does not necessary correlate with “volume expanding efficacy” (degree and duration of volume effect) since studies have shown a similar duration of volume efficacy with rapidly degradable (Voluven®) versus slowly degradable HES solutions.26 Generally after 24 hours, no considerable volume effect has been proven. As a result, for maintaining volume expansion in appropriate patients, repeat administration of HES is necessary. Accumulation and tissue storage of HES products are believed to contribute to HES related adverse effects such as pruritis.3 

Table 1: Characteristics Of Hydroxyethyl Starches (HES) Products1,4
	HES Solution (Brand)
	Concentration and Solvent
	Weight Mean Molecular Weight (kilodaltons)
	Molar Substitutiona
	C2/C6 Ratiob
	Maximum Daily Dose (fast or slow degradation)

	Voluven®
	6% in 0.9% NaCl
	130
	0.4
	9/1
	50 ml/kg, 3500 mL, (fast)

	Hextend®
	6% in balanced electrolytes
	670
	0.75
	4.5/1
	20 ml/kg, 1500 mL, (slow)

	Hetastarch®
	6% in 0.9% NaCl
	450
	0.7
	5/1
	20 ml/kg, 1500 (slow)

	Hespan®
	6% in 0.9% NaCl
	600
	0.75
	5/1
	20 ml/kg, 1500 mL, (slow)


6% solutions are iso-oncotic, 10% solutions are hyperoncontic (volume effect exceeding infused volume) in vivo
aMolar substitution (hydroxylation of glucose units) slows down degradation of the HES molecule by alpha-amylase and prolongs intravascular retention.

bPattern of hydroxylation can significantly alter pharmacokinetics (C2 vs. C6 carbon atoms). Inhibition of enzymatic degradation of the HES molecule by alpha-amylase is inhibited to a greater degree if hydroxylation occurs at the C2 vs. C6 carbon atom. Therefore, solutions with a higher C2/C6 ratio are expected to be degraded more slowly.

Table 2: Pharmacokinetics (PK) of Hydroxyethyl Starches (HES) Products (Single Infusion) in Healthy Volunteers4
	HES Solution 
	Dose, Gram
	Cmax (mg/ml)
	T ½  (hr)
	Clearance

(ml/min)
	Infusion Time (min)

	Voluven®

(130/0.4)
	26.3
	3.7
	12.8
	31.4
	30

	Hextend®

(670/0.75)
	0.6/kg
	13
	46.4**
	0.98
	20

	Hetastarch®
(450/0.7)
	30
	7.8
	300**
	NR
	60

	*Hespan®

(600/0.75)
	NR
	NR
	NR
	NR
	NR


*NR=not reported, but may assume similar pharmacokinetics to Hextend since MW, MS and degree of substitution are similar. Difference is balanced solution vs. saline solution

**Reported mean T1/2 at 7-10 days for Hextend and 7-28 days after Hetastarch. Half-lives should not be interpreted as duration of volume effect.

Table 3: Pharmacokinetics (PK) of Hydroxyethyl Starches (HES) Products (Multiple Infusions) in Healthy Volunteers4
	HES Solution 
	Cumulative Dose, Gram (days treated)
	Plasma Conc. 24 hrs after last dose (mg/ml)
	T ½  (hr)
	Clearance

(ml/min)
	AUC (mg/ml) Day 1 vs. Last Day

	Voluven®

(130/0.4)
	500 (10)
	<0.5
	9.1
	22.8
	32.8 vs. 35.7

	Hextend®

(670/0.75)
	NI
	NI
	NI
	NI
	NI

	Hetastarch®

(450/0.7)
	90 (3)
	9.6
	NR
	<1
	NR vs. > than on day 1

	*Hespan®

(600/0.75)
	NR
	NR
	NR
	NR
	NR


*NR=not reported, but may assume similar pharmacokinetics to Hextend since MW, MS and degree of substitution are similar. Difference is balanced solution vs. saline solution. NI=not included in study. Half-lives should not be interpreted as duration of volume effect.

Information from the manufacturer states that following isovolemic exchange of 500 mL of HES 130/0.4 in healthy volunteers, blood volume is maintained for approximately six hours.  Based upon the information in Tables 2 and 3, HES 130/0.4 does not appear to accumulate with multiple infusions. However, clinical data are needed to determine whether significant advantages of HES 130/0.4 exist over other HES products in terms of safety and efficacy.
FDA APPROVED INDICATIONS

6% hydroxyethyl starch 130/0.4 in 09% sodium chloride (Voluven®) was approved by the FDA in late 2007 for the prophylaxis and treatment of hypovolemia. 
POTENTIAL OFF-LABEL USES

Unknown.
CURRENT VA FORMULARY ALTERNATIVES

Non-synthetic colloids: Human albumin (4-5%, 20-25%)

Synthetic colloids: Dextran 10% 40, Hetastarches (e.g., Hespan, Hextend)
DOSAGE AND ADMINISTRATION

Hydroxyethyl starch 130/0.4 is utilized for maintaining and/or restoring intravascular volume and is administered by intravenous infusion. The daily dose and infusion rate depend upon an individual’s blood loss, on the maintenance or restoration of hemodynamics and on hemodilution. The administration of hydroxyethyl starch 130/0.4 can be repeated over several days. 

Because there is a risk for anaphylactoid reactions with Voluven®, the initial 10-20 mL should be infused slowly while carefully observing the patient for adverse events.

In adults, up to 50 mL/kg of body weight can be administered daily resulting in an approximate maximum daily dose of 3,500 mL of Voluven® in a 70 kg person.

6% Hydroxyethyl Starch 130/0.4 (6 gm) in 0.9% Sodium Choride (900 mg) in water for injection

Electrolytes (mEq/L): Na 154, Cl 154, pH 4-5.5. Calculated osmolarity 308 mOsmol/L

pH adjusted with sodium hydroxide or hydrochloric acid. 

EFFICACY

EFFICACY MEASURES

In the setting of surgery, trauma or critical illness, absolute or relative intravascular volume deficits require restoration to prevent hypovolemia-related consequences. Absolute volume deficits can occur with blood loss while relative hypovolemia can occur due to vasodilation or in response to inflammation causing changes in the endothelial barrier leading to diffuse capillary leakage and movement of fluid from the intravascular into the extravascular space (interstitual compartment). Adequate management of hypovolemia is necessary to prevent or limit the body’s compensatory response (e.g., redistribution of blood flow, away from kidney, gut and skin, activation of the sympathetic nervous system and renin-aldosterone-angiotensin system [RAAS], etc.). If inadequately treated, volume deficits can lead to multiple organ impairment and death.

Sepsis/Critically Ill:

· Sequential Organ Failure Assessment (SOFA) Score-Developed in order to create a simple, reliable, continuous score for measuring function/failure of six organs (e.g., lungs, clotting system, liver, cardiovascular, central nervous system and kidneys). Functionality of each organ is graded on a 5 point scale (0=normal, 4=most abnormal). An increase in SOFA during the first 48 hours in the intensive care unit (ICU) predicts mortality of at least 50%.

· Therapeutic Intervention Scoring System (TISS)-Measure of necessary ICU interventions (e.g., mechanical ventilation, chest tubes, etc.) in caring for patients. TISS score should go down as patient improves.

· Acute Physiology and Chronic Health Evaluation (APACHE II)-severity of disease scoring system used in ICU patients. Scores can range from 0 to 71 with higher scores indicating more severe disease and a higher risk of death.

· Measures of tissue perfusion-mean arterial pressure (MAP), lactate, central venous oxygen saturation, central venous pressure (CVP), stroke volume (SV), pulmonary capillary wedge pressure (PCWP), cardiac index (CI), cardiac output (CO), heart rate (HR), pulmonary artery pressure (PAP), blood gases, etc.

Surgery:

· Perioperative and postoperative blood loss
· Volume of colloid or crystalloid infused, urine output
· Transfusion of blood products (e.g., erythrocytes, whole blood, fresh frozen plasma, salvaged blood, etc.)
· Measurement of strength/integrity of formed clots (MCF) (Thrombelastography or TEG-analyzes platelet function) and rate of clot formation (CT).
· Laboratory measurements-electrolytes, hepatic and renal function, coagulation tests, pro-inflammatory markers, etc.
SUMMARY OF EFFICACY FINDINGS

In this review, only those studies examining the use of 6% HES 130/0.4 vs. crystalloid solutions or colloidal solutions available in the Unites States were included. Since gelatin is not available in the US, studies comparing HES 130/0.4 to gelatin as the only comparator were not included. In addition, those studies comparing HES 130/0.4 to other HES solutions not available in the US (as the only comparator) were not included.

In October 2010, a study comparing cardiopulmonary bypass pump priming using a high dose of balanced HES (not available in the US) versus albumin was retracted by editors of Anesthesia and Analgesia.13-14 The retraction was prompted by an investigation by the Rheinland State Medical Board revealing that there was no IRB approval, informed consent, randomization process or follow-up questionnaire as described in the study.15 The investigation was initiated because several readers who questioned the plausibility of the results contacted the editor with their concerns.16-17 Since that time, at least 88 studies in which Dr. Joachim Boldt was included as an author have been retracted by a number of journals because IRB approval could not be verified.18 Dr. Boldt contributed many of the studies supporting improved safety of modern HES solutions (HES 130/0.4) leading clinicians to question the validity of the literature on the safety and efficacy of 6% HES 130/0.4 solution.38 As a result, many consensus guidelines, systematic reviews, meta-analyses involving colloidal solutions will be revised excluding the retracted studies. Because of the serious allegations of scientific misconduct against Dr. Boldt, those studies in which Dr. Boldt is listed as an investigator will not be considered as part of this review.

Ongoing debate continues regarding the optimal fluid therapy for restoration of hypovolemia. Despite the extensive number of published trials, a lack of evidence to support one fluid therapy (crystalloid vs. colloid or colloid vs. colloid) as being superior for replacing volume deficits still exists.5,30-31 In addition, the goals of fluid replacement may vary depending upon the setting (e.g., type of surgical procedure or systemic inflammation, etc.).4 As a result, it is recommended that guidance for fluid therapy be procedure or setting specific and when evidence is not available, individual, goal-directed fluid administration has been recommended by a number of authors.4,8-12 In many of these goal-directed fluid management trials, the type of fluid provided is not the intervention, but instead utilizing parameters indicative of fluid status such as stroke volume, PCWP, CVP, etc. to guide fluid therapy vs. conventional fluid administration.

Sepsis:

Clinical Trials: Two studies comparing the administration of 6% HES 130/0.4 vs. normal saline solution (NSS) or human albumin in critically ill patients with sepsis were included.  In both studies, colloid or crystalloid fluids were administered to maintain tissue perfusion using MAP, CVP, PCWP, etc. to guide fluid replacement. Both studies were small (n=25, 20) and conducted over a period of 24 hrs21 to 5 days.23 The first study was a pilot study in which sublingual microcirculation (as a marker of tissue perfusion) was compared between HES 130/0.4 and NSS. Microvascular flow index (MFI), percent of perfused capillaries and perfused capillary density was greater in the HES vs. NSS group (p<0.005).21 However, other outcome measures such as SOFA, TISS and acid-base parameters were not different. Limitations of this study include lack of validated measurements for sublingual microcirculation (as a marker for tissue perfusion) at the time of study commencement. Sample size was adjusted downward once more data for this measure was published. Finally, patients in the NSS group had baseline higher serum creatinine values than HES recipients (2.2 vs. 1.2, respectively) and consequently may have been a sicker group of patients.

In the second study, 20 patients with sepsis were followed for five days in the intensive care unit. Patients were randomized to receive 6% HES 130/0.4 or 20% human albumin (HA) guided by measures of hemodynamic status (PCWP). In the study, it was not clear of the hierarchy of endpoints or outcome measures studied but measures of hemodynamic status, tissue oxygenation and APACHE II scores were monitored. With the exception of cardiac index (increased vs. baseline, p<0.05) and right ventricular ejection fraction (improved vs.. baseline and vs. HA, p<0.05)), other measures of hemodynamic status were not different (e.g., MAP, HR, PAP, PCWP, CVP, urine output) from baseline or between groups. Analysis of tissue perfusion using blood gases showed improvement from baseline in the HES group while the HA group remained unchanged. Finally, APACHE II scores decreased significantly in the HES group while the HA group remained unchanged. Seven patients died, no mention of number per group. 

FDA Review: The FDA approved 6% HES 130/0.4 with two post-marketing commitments, as follows:29
· Completion of a clinical trial in patients with sepsis, with or without renal disease. There is one trial “6S-Scandinavian Starch for Severe Sepsis/Septic Shock Trial” underway comparing HES 130/0.4 to crystalloids in 800 patients with severe sepsis. The primary outcome measure in this trial is a composite of mortality and end-stage kidney failure.32 A second trial “Crystalloid versus Hydroxyethyl Starch Trial (CHEST)” is also underway comparing HES 130/0.4 to crystalloids (saline) in 7,000 critically ill patients in the intensive care unit. The primary endpoint of this trial is death from all causes at 90 days. Secondary endpoints include renal failure, SOFA score, use of renal replacement therapy, ICU stay, etc. The CHEST study began in April 2010.37
· Completion of a clinical trial to examine the safety and efficacy of 6% HES 130/0.4 in pediatric patients (2-12 years old) undergoing open-heart surgery.

Guidelines for Fluid Replacement in Critically Ill Patients:

· Surviving Sepsis Campaign: International Guidelines for Management of Severe Sepsis and Septic Shock: 200833 
· Recommendation: Fluid resuscitation with either natural/artificial colloids or crystalloids. There is no evidence-based support for a particular fluid over another. HES administration in patients with sepsis may increase risk for acute renal failure, inconsistent evidence prevents definitive recommendations.
· Evidence-Based Colloid Use in the Critically Ill: American Thoracic Society Consensus Statement.34
Selected Summary Points (related to sepsis):

· All colloids affect the coagulation system, dextran and starch predominantly.

· Colloids restore intravascular volume more rapidly than crystalloids in all shock states.

· Conflicting evidence that HES increases risk of bleeding in cardiopulmonary bypass surgery.

· HES may increase risk for acute renal failure in patients with sepsis.35 

·  Meta-analyses of colloid use in critically ill patients are conflicting due to trial heterogeneity and      variable meta-analytic methods used. However a large, prospective study (SAFE)36 demonstrated a neutral influence of colloids (albumin) vs. crystalloids on clinical outcomes.


  Therapeutic Implications (related to sepsis):

· Crystalloids should be administered first in nonhemorrhagic shock resuscitation.

· HES solutions should be used cautiously in cardiopulmonary bypass and in patients with sepsis.


   Future Investigations (related to sepsis):

· Clinical trials are needed to determine the clinical significance of basic science properties differences between colloids.

· Trials focused on outcomes with appropriate power to discern a mortality benefit of colloid resuscitation in septic or hemorrhagic shock with integrated pharmacoeconomic analyses.

· Clinical trials designed to examine both clinically relevant outcomes and physiologic effects of colloids and crystalloids on organ function including lung fluid balance in patients with or at risk for acute lung injury (ALI) or adult respiratory distress syndrome (ARDS).

Sepsis Summary:

There are limited data comparing 6% HES 130/0.4 to other colloids or crystalloids available in the US. Therefore it is difficult to determine whether HES 130/0.4 offers any advantage or disadvantages over the other products used for fluid resuscitation in septic patients. Available guidelines support the use of either colloids or crystalloids without a preference for fluid type due to a lack of evidence proving differences in relevant outcomes between products. Because of inconsistent data regarding the effect of HES solutions on renal function in patients with sepsis, two clinical trails have been designed and are underway to help answer that question. 

Surgery:

Clinical Trials: Six studies comparing 6% HES 130/0.4 to crystalloids or other colloids in patients undergoing elective surgery were included.24-26,28,39-40 Study endpoints included one or more of the following: surgical blood loss, need for transfusion of blood products, in vitro assessment of effect on coagulation (using thrombelastography [TEG]), volume of colloid or crystalloid infused, and renal function. In general, the studies were small and of short duration ranging from 36-140 patients and followed for 1-28 days post-op. In addition, although maximum doses of HES 130/0.4 are 50 ml/kg/day (approximately 3500 ml in a 70 kg patient), most studies infused between 500 and 1500 ml with the exception of the study by Ghandhi, et al,26 and Mukhtar28, et al. in which maximum daily doses were examined. 

Two of the six studies involve a comparison of 6% HES 130/0.4 to lactated ringers (RL) (n=140, CABG surgery)24 or 5% albumin (n=36, mitral valve surgery)25 as a component of cardiopulmonary bypass priming solutions. In the HES 130/0.4 vs. RL comparison, no differences were observed in post-op blood loss, use of fresh frozen plasma, time to extubation, ICU stay, creatinine clearance or time to discharge. At 24 hrs post-op, BUN and serum creatinine (SCr) were statistically higher in the HES vs. RL group (46 vs. 32 mg/dL and 1.4 vs. 1.1 mg/dL, respectively, p=0.001). Creatinine clearance was not different at 72 hours between groups but baseline values were higher in the HES vs. RL group (Baseline: 76 ml/min RL vs. 82 ml/min HES, 72 hrs post-op: 68 ml/min RL vs. 64 ml/min HES). International normalized ratio (INR) values were higher in the RL group vs. HES at 12 and 24 hours post-op (1.39 vs. 1.05 [12 hr] and 1.38 vs. 1.12 [24 hr), respectively but differences in blood loss were not observed. In the second bypass priming study, HES 130/0.4 was compared to 5% albumin in 36 patients having elective mitral valve replacement.25 In this study, there were no differences in rate of clot development or strength of clot (both were equally reduced from baseline), fluids administered or blood products infused or change in pro-inflammatory markers between groups. The remaining four studies are included in Table 4 below:

Table 4: Summary of HES 130/0.4 vs. Colloid or Crystalloids in Patients having Elective Surgery

	
	Intervention
	Endpoints/Results
	Comments

	Ghandi26 (n=100)

Major orthopedic surgery, hip and spine most common

(48 hrs post-op, 28 days post-op for safety)
	HES 130/0.4 (Voluven) vs. HES 670/0.75 (6% Hetastarch)
	Primary: Total volume of colloid required for volume expansion. No differences found.

Other: Total fluid input/output, use of vasoactive meds. No difference in fluid input or urine output in the intent to treat population and when administration of individual types of fluid or blood products was assessed. However, when the infused totals of pRBCs, whole blood and salvaged blood were combined, there was a difference in favor of HES 130 (p=0.0296). 2 hr post-op nadir factor VIII was 19% lower in HES 130 vs. 670 (p=0.0499). In patients receiving >1000 ml of study colloid, 2 hr post-op FVIII nadir was lower in the HES 670 vs. 130 (p=0.049) and nadir von Willebrand factor was lower as well (p=0.008)

Primary Safety Outcome: Calculated and estimated blood loss, no difference in intent to treat population or in the infusion of individual blood components between groups. When infusion volumes of pRBCs, whole blood and salvaged blood were totaled, there were lower combined totals in the HES 130 vs. 670 group.
	Although slight differences in 2 hr post-op nadir FVIII and von Willebrand Factor were observed in favor of HES 130, no difference in blood loss or infusion of individual blood components was reported.

There were 3 cases of serious coagulopathies in the HES 670 group and none in the HES 130 group. All of these patients received >3,000 ml of study colloid. No other details given.

FDA reviewer commented that safety endpoints were considered in a sequential manner so if one safety endpoint was not sig. different, analysis of the subsequent safety endpoint could only be considered explanatory. The FDA reviewer concluded that because of this, superior safety of HES 130 over HES 670 could not be concluded based upon these data.

	Mukhtar28 (n=40)

Living donor liver transplantation 

(Up to 4 days post-op)


	HES 130/0.4 vs. 5% albumin (HA)
	Primary: Effect on renal function 1-4 days post-op. No difference in Scr, CrCl, or cystatin C plasma levels between groups. One patient in each group required renal replacement therapy

Other: Volume of colloid administered was significantly higher in the HES vs. HA group (6229 mg vs. 4636 ml, respectively). Diuretic use was also higher in HES vs. HA. No difference in use of crystalloids, RBCs, FFP and urine output
	Most patients in the study had normal renal function. Authors unsure what effect HES will have in those with more severely impaired renal function. 

	Lee39 (n=106)

Recipients of dual antiplatelet therapy and having off-pump coronary artery bypass surgery (24 hr follow-up)
	HES 130/0.4 vs. Crystalloid (Plasma solution A)
	Primary: Difference in perioperative blood loss. No difference between groups

Other: No difference in transfused pRBC, FFP or number of patients requiring transfusion. One patient on HES developed renal failure requiring dialysis. No differences in effect of these fluids on the coagulation system (assessed using thrombelastography)
	Max doses of 30 ml/kg/d were used instead of FDA approved max doses of 50 mg/kg/d. Unsure of effect on outcomes if a higher dose of HES were used.

	Zdolsek40 (n=78)

Hip surgery using spinal anesthesia (4-5 hr post-op follow-up)
	HES 130/0.42, HES 130/0.4, HES 200/0.5, Dextran 70 6%
	Primary: Surgical blood loss, volume expansion from colloids, effect on coagulation system using thrombelastography (hierarch of endpoints unclear). No difference in blood loss, volume effect increased by more than 14% for all colloids and decreased over time in all groups except Dextran. For all colloids, clotting time was reduced and strength of clots was weakened
	No significant differences between colloids in blood loss, coagulation (all reduced time to clot and produced weakened clot strength) and expanded plasma volume. Colloidal half-life may explain the varied effect on post-op and duration of volume expansion.

	Fenger-Eriksen41 

(n=20)

Bleeding patients undergoing radical cystectomy (Hematocrit reduced 30% from baseline) (48 hr post-op follow-up)
	Blood loss replaced 1:1 with HES 130/0.4 in both groups. Use of a fibrinogen concentrate was the intervention vs. placebo.
	Primary: Maximal clot firmness (MCF) measured by thrombelastometry (ROTEM): At 30% dilution with HES 130/0.4 in both groups, MCF was significantly reduced (weakened clot). In the fibrinogen concentrate group, MCF increased (clot strength) significantly vs. placebo. 

Secondary: Blood loss, transfusion requirements and other thrombelasto-metry parameters (thrombin generation and platelet function): Blood loss and transfusion requirements did not differ between groups. Postoperatively, 8/10 patients in the placebo group required RBC transfusion vs. 2/10 in the group treated with fibrinogen.
	HES 130/0.4 was selected as the colloidal plasma expander since it is the most commonly used in Europe.

Investigators selected HES 130 as a volume expander to show its affect on MCF and the use of fibrinogen vs. placebo to improve or reduce the effect of this colloid on parameters of coagulation (in vivo measurement).

No colloidal control group aside from HES130.

Authors concluded that resuscitation with HES 130 during sudden excessive bleeding induces coagulopathy by reducing MCF.

Could HES 130/0.4 been chosen because of its predicted “less effect on coagulation” to improve benefit of study intervention? Unlikely since coagulation in both groups would be less affected.


Published Reviews of Fluids Used During Surgery:

There are three published reviews of the use of 6% HES 130/0.4 in patients undergoing surgery. Reviews, pooled analyses or meta-analyses comparing HES 130/0.4 to a single replacement fluid not available in the U.S. were not included. See Table 5 for details:

Table 5. Published Reviews of HES 130/0.4 in Surgical Patients
	
	Description/Findings
	Comments

	Toomtong, et al42 2009

IV fluids for abdominal aortic surgery
	-38 trials, 1589 patients included. 

-Compare the physiologic effects of crystalloid and colloid replacement fluids to determine if there is evidence to support an optimal fluid for replacement for abdominal aortic surgery. 

-Primary outcome compared was death. 

-Other parameters compared: cardiac, respiratory, hematologic, and length of stay.

Authors comments: 

-Lack of studies reporting death as primary outcome

-Lack of evidence to support a “best fluid” replacement during or after abdominal aortic surgery.

-No single fluid affected any outcome measure more than another fluid across a range of outcomes

-Many different fluid replacements used, so few results could be pooled.

-Important outcome measures should include need for allogeneic blood transfusion, organ failure, length of stay in ICU or hospital.
	-Cochrane Review

-Lack of evidence supporting clear advantages of one fluid replacement therapy over another

-Although HES 130/0.4 was included in the review, limited number of studies.

	Piazza, et al43 2010

Efficacy, safety of HES
	-Review of efficiency of HES 130/0.4 of plasma substitution vs. other colloids

-Blood loss and risk of bleeding with HES 130/0.4-effect on coagulation (lab measures-TEG) minimal.

-Renal safety of HES 130.0.4-inadequate evidence whether differences exist between HES products

-Pulmonary mechanics of HES 130/0.4 vs. other colloids-type of fluid does not affect pulmonary permeability/edema, HES may reduce permeability

-Inflammatory response to surgery- HES may reduce inflammatory response after surgery vs. crystalloids (paper used to support was retracted)
	-Subjective, not systematic review of HES 130/0.4 during surgery

-Several of the retracted papers, including Boldt as an author, were included in the review and helped to support some of the conclusions (e.g., inflammatory response to surgery, etc.)

	Raja, et al44 2011

Cardiac surgery, does HES 130/0.4 impair coagulation less than other colloids?
	-12 relevant papers were included (9 clinical trials, 3 in vitro studies)

-3 in vitro studies: demonstrate no significant affect on platelet variables (TEG) and faster clot formation with HES 130/0.4 

-9 clinical studies: HES 130/0.4, HES 200/0.5, and gelatin all affect coagulation similarly resulting in no differences in blood loss after cardiac surgery.
	-Included trials used primarily HES 130/0.4 vs. other colloids not available in the US. However, since crystalloids and albumin were comparators, the review was included.

-Although surrogate measures of coagulation (TEG parameters) were not significantly affected by HES 130/0.4, differences in bleeding outcomes did not differ from HES 200/0.5 and gelatin (neither available in the US)


Guidelines for Fluid Replacement in Surgical Patients:

British Consensus Guidelines on Intravenous Fluid Therapy for Adult Surgical Patients- Hypovolemia due predominantly to blood loss should be treated with either a balanced crystalloid solution or a suitable colloid until packed red cells are available.45-46
In Vitro Studies of HES Effect on Coagulation in Surgical Patients:

There have been three in vitro studies examining the effect of 6% HES 130/0.4 on coagulation (using thrombelastograph [TEG] measurements) in patients undergoing a surgical procedure. In the first study, 95 patients, scheduled for liver transplantation, had their blood diluted by 11%, 22% and 33% with HES 130/0.4 or normal saline to determine the effect of HES hemodilution, measured using TEG analysis.47 Saline served as the control. At 33% hemodilution with saline, only the reaction time to clot formation was increased vs. baseline. With HES, abnormalities in TEG measurements were observed with 11% hemodilution with the ultimate strength of the fibrin clot statistically reduced from baseline (p=0.003). At 33% dilution, the rate of clot formation was reduced as well as clot strength from baseline and vs. saline control. 

In the second study, 30 patients, with blood Type non-O and 15 with Type O, scheduled for spinal surgery had 30% of their blood removed after induction of anesthesia and replaced with 6% HES 130/0.4. Coagulation profiles were determined 30 minutes prior to and after acute normovolemic hemodilution.48 The investigators expected that since individuals with Type O blood have a tendency towards reduced Factor VIII and von Willebrand Factor (vWF), they may be more vulnerable to coagulopathy with HES hemodilution Although the levels of these factors were lower in the Type O group, there were no differences between groups in blood loss or the need for packed red cells. Overall, Factor VIII/vWF decreased more than expected with hemodilution. Clot strength was also reduced with hemodilution in both groups of patients. The authors caution that patients with Type O blood may be more vulnerable to bleeding when exposed to HES hemodilution since the levels of certain coagulation factors were reduced below the normal range; however the magnitude of the reduction did not differ between blood types studied.

In the third study, activity of tissue-type plasminogen activator (t-PA) and plasminogen activator inhibitor-1 (PAI-1) were measured in 66 patients having orthopedic surgery randomized to gelatin, HES 6% 130/0.4 or Ringer’s lactate solution.49 The purpose of the study was to explore the effects of colloid and crystalloid solutions on activation of fibrinolysis and determine if administered fluids facilitate clot dissolution at a certain fibrinolytic activity. There were no differences in fibrinolytic activity between fluid groups. However, during hyperfibrinolysis, the presence of HES or gelatin facilitated clot disintegration vs. Ringer’s lactate solution since weaker formed clots lead to more rapid clot dissolution.

Surgery Summary:
In the six clinical trials, clinical outcomes did not differ significantly between 6% HES 130/0.4 and either crystalloid or colloids administered (HES 670/0.75, Albumin, 6% Dextran 70) in perioperative or postoperative blood loss, transfusion requirements or organ function. In several studies, differences in certain variables (e.g., levels of 2-hour postoperative nadir Factor VIII or von Willebrand Factor (vWF), slightly increased INR, etc.) were observed but the clinical significance of these differences is unknown. In the study comparing 6% HES 130/0.4 to 6% Hetastarch (670/0.75), although some differences were observed in secondary endpoints, the FDA medical reviewer commented that safety endpoints in this particular trial were considered in a sequential manner, so if one endpoint was not statistically different, analysis of subsequent endpoints could only be considered exploratory. The FDA reviewer concluded that superior safety could not be proven based upon data from the trial. A Cochrane review of fluid replacements in abdominal aortic surgery found a lack of evidence to support one fluid as the optimal fluid replacement in patients having abdominal aortic surgery. Existing guidelines for fluid replacement in adult surgical patients do not recommend a particular fluid replacement but recommend that either balanced crystalloids or a “suitable” colloid be used to replace lost blood. Finally, in vitro coagulation studies demonstrate that 6% HES 130/0.4 does have an affect on platelet function/coagulation as assessed by TEG measurements. Based upon this information, it is unclear if 6% HES 130/0.4 offers any advantage or disadvantage over crystalloids or other colloids for fluid replacement in surgical patients. 
ADVERSE EVENTS

DEATHS AND OTHER SERIOUS ADVERSE EVENTS

To date, no deaths have been attributed directly to HES 130/0.4. Serious adverse events may include rare anaphylactoid reactions (>0.01 to <0.1%). If this type of reactions occurs, HES 130/0.4 should be discontinued immediately and emergency supportive measures instituted.
OTHER ADVERSE EVENTS

Pruritis: Prolonged administration of HES type products may cause pruritis that is delayed in onset (1-6 weeks), can last for weeks to months, can be severe and refractory to treatment and can significantly affect quality of life. One author reviewing the published literature on HES associated pruritis commented that “The true incidence of this complication has likely been underestimated since the onset of pruritis is delayed, it may be missed in clinical trials of short duration and may not be recognized as being associated with administration of HES weeks earlier.”50 Although this adverse event is believed to result from tissue deposition of the HES molecule and some theorize that its occurrence, severity and/or duration may be reduced with certain later generation HES products, it is reportedly observed with all HES products and has been reported even with usual doses of HES. To date, there is no evidence to support a lower incidence of HES-induced pruritis with newer generation HES products such at 6% HES 130/0.4.

Effect on Coagulation (Summary: in vitro trials):

Table 6: In Vitro Studies –Coagulation Effect of 6% HES 130/0.4
	
	Intervention/Endpoint
	Findings/Conclusions

	Entholzner 200052

N=30 volunteers
	30% hemodilution with:  

HES 130/0.4 

HES 200/0.5 

HES 450/0.7

Normal saline

Undiluted group (control)

Intrinsic and extrinsic thrombelastography (TEG) and coagulation tests (PT and aPTT)
	aPTT not changed vs. control

PT prolonged vs. control in all groups (All HES groups p<0.05 vs. control and vs. saline, saline most prolonged).

Extrinsic TEG testing showed significant prolongation of time to begin clot formation, time to coagulation and reduced clot strength in all HES groups vs. control and HES 200 and 450 vs. placebo.

Intrinsic TEG testing did not show a delay in reaction time to begin clot formation but coagulation time and reduced clot strength occurred in all HES groups.

-Small sample of volunteers

-In vitro tests, no indication of clinical significance

-No difference between HES groups in all TEG variables tested vs. control or vs. placebo except extrinsic TEG in which HES 130 was not different vs. saline in clot strength but was reduced vs. control

	Fenger-Erikson 200553
N=20 healthy volunteers

Comparison of effect of colloids on whole blood coagulation and resolution by fibrinogen concentrate or Factor VIII
	55% Hemodilution with:

Normal saline

HES 200/0.5

HES 130/0.4

Dextran 70

Whole blood clot formation using TEG. 

Administration of ex vivo fibrinogen concentrate or Factor VIII as a strategy to reduce bleeding complications induced by colloid administration.
	Strength of clot and propagation of clot were significantly reduced with all colloids vs. saline with no differences between the HES groups or Dextran.

-Small sample size

-Significant hemodilution used in this study vs. moderate in other studies (e.g., 30%)


There are four other trials comparing the effects of 6% HES 130/0.4 and 6% HES 200/0.5 (not available in the US, widely used in Europe) on blood and blood coagulation.54-57 In general, the authors observed a significant effect of both HES products on clot formation, hemodilution and/or blood viscosity from baseline but overall no significant difference between groups.
Bleeding (Clinical Trials): Overall, no significant differences in perioperative or postoperative blood loss or need for transfusion of blood products were observed in clinical trials comparing HES 6% 130/0.4 to other fluid therapies. (See Table 4 and Appendix for details)
Effect on Renal Function: There have been three systematic reviews of HES products and their effect on renal outcomes.58-60 In the first systematic review/meta-analysis, authors identified twenty-two trials in which HES was compared to an alternative fluid for acute volume resuscitation in 1865 critically ill patients.58 From their analysis, the authors found that patients receiving HES were more likely to have received renal replacement therapy (RRT) vs. an alternative fluid type (e.g., albumin, gelatin or crystalloids) (OR 1.90, 95% CI 1.22-2.96, N=749) but there were no difference in overall mortality (OR 1.07, 95% CI 0.85-1.34, N=1657). However, in high quality, multicenter trials that enrolled patients with severe sepsis/septic shock, there was a trend towards increased risk of death in the HES group. Of importance, only one of the included studies used 6% HES 130/0.4. (The authors’ analysis and conclusions are being revised since Joachim Boldt authored seven of the included studies. Dr. Boldt is accused of fabricating evidence for other studies, not obtaining IRB approval and forging names of co-authors on manuscript submissions. Investigations into these allegations are underway).  The second systematic review was from the Cochrane Collaboration and involved review of HES products versus other fluid therapies and a comparison of their effect on renal function.59 The review included thirty-four trials involving 2,607 patients. Author-defined kidney failure was higher in the HES group vs. other fluid therapies (RR 1.5, 95% CI 1.2-1.87, n=1199). There was a trend towards higher RRT in the HES vs. other fluid therapy groups (RR 1.38, 95% CI 0.89-2.16, n=1236) but the difference was not statistically significant. Subgroup analysis showed a higher risk in septic patients compared to surgical or trauma patients. Authors cautioned of an increased risk for acute kidney injury in septic patients when weighing the risks and benefits of fluid resuscitation with HES type products in these patients. The authors also state that there is inadequate clinical evidence to support claims of differences in safety between HES products. In the third, comparative review of fluid management with various colloids and the impact on renal function, the authors report an adverse impact on renal function for most HES products (including 6% HES 130/0.4) and conclude that there is inadequate proof that newer products are free from renal effects.60
Laboratory Effects: During treatment with HES products, serum amylase can rise and may confuse the diagnosis of pancreatitis.1,51 In addition, clotting factors, other plasma proteins and a reduction in hematocrit may be commonly observed.1
Other: There are two published reviews of HES products, one specifically addressing safety of HES 6% 130/0.4 in which the authors consider the totality of the evidence and conclude that there is a lack of convincing evidence that 6% HES 130/0.4 is safer than other HES solutions.61-62 

FDA FINDINGS

Follow up of adverse events, as part of the manufacturer’s commitment to provide all reported adverse events involving pediatric patients since approval (12-07 through 6-09), did not reveal any unexpected adverse events and none that were not already listed in the package labeling. Adverse events reported through the FDA’s Adverse Events Reporting System (AERS, n=10) and Periodic Safety Update Reporting (PSURs, 2004-2009, n=231) submitted by the manufacturer were considered to be low relative to the estimated large distribution of 6% HES 130/0.4.7
CONTRAINDICATIONS

The use of 6% HES 130/0.4 is contraindicated in the following situations:

· Known hypersensitivity to HES

· In fluid overloaded patients (e.g., pulmonary edema, congestive heart failure)

· In patients with renal failure with oliguria or anuria unrelated to hypovolemia

· Patients receiving dialysis

· In patients with severe hypernatremia or severe hyperchloremia

· In patients with intracranial bleeding
WARNINGS AND PRECAUTIONS


· Anaphylactoid reactions have been reported in association with HES solutions. The initial 10-20 mL should be infused slowly while carefully observing the patient for adverse events. If hypersensitivity occurs, HES 130/0.4 should be promptly discontinued and treatment for the allergic reaction should continue until symptoms have resolved. 

· Fluid status should be monitored on a regular basis during treatment with HES 130/0.4 especially in those patients with cardiac insufficiency or severe renal impairment.

· In severely dehydrated patients, crystalloid solutions should be administered prior to HES solutions. Sufficient fluid should be administered to prevent dehydration.

· Added caution is advised when administering HES 130/0.4 to patients with severe liver disease or severe bleeding disorders (e.g., severe cases of von Willebrand’s disease).

· Monitoring of the patient’s clinical status as well as laboratory tests (e.g., electrolytes, renal function, acid-base status and coagulation parameters) is warranted during prolonged use of HES and/or whenever the patient’s condition dictates close monitoring.

· Serum amylase may be increased temporarily after use of HES 130/0.4 and may interfere with the diagnosis of pancreatitis.

· At high doses of HES 130/0.4, dilutional effects may result in reduced levels of clotting factors, other plasma proteins and a reduction in hematocrit.

· As with all plasma substitutes, infusion of excessive HES can lead to overloading of the circulatory system. If this occurs, the infusion should be stopped and diuretics administered.

SPECIAL POPULATIONS
· Pregnancy category C. No adequate, well-controlled studies in pregnant women. Use only when the potential benefit outweighs the potential risk.

· In clinical trials, no differences in safety or effectiveness were noted in patients 65 years and older but the numbers exposed is limited. As a result, a greater sensitivity of some older individuals to HES 130/0.4 cannot be ruled out.

· Risk of adverse events may be greater in those patients with renal impairment since HES 130/0.4 is excreted primary by the kidneys. Volume status, rate of infusion and urine output should be monitored closely. Since older patients are more likely to have impaired renal function, these factors should be considered when selecting doses in individual patients. 
POSTMARKETING EXPERIENCE (OPTIONAL)

· Safety profile is similar to that observed in clinical trials of HES 130/0.4.
· Hypersensitivity reactions, urticaria, bronchospasm or hypotension were the most frequently reported serious adverse events based upon spontaneous reports.
· Disturbances in blood coagulation can occur and appear to be dose-dependent.
SENTINEL EVENTS

There have been no sentinel events associated with administration of 6% HES 130/0.4.
LOOK-ALIKE/SOUND-ALIKE (LA/SA) ERROR RISK POTENTIAL

As part of a standard for The Joint Commission (TJC), LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from four data sources (Lexi-Comp, USP Online LASA Finder, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:

LA/SA for generic name (Hydroxyethyl starch, HES 130/0.4, classified as tetrastarch): Tetracaine, Hespan, Hextend and hetastarch.
LA/SA for trade name (Voluven®): Volumen, Voltaren
DRUG INTERACTIONS

DRUG-DRUG

The safety of compatability of drugs or other substances added to HES 130/0.4 has not been established.
DRUG-LAB

· Serum amylase may be increased temporarily after use of HES 130/0.4 and may interfere with the diagnosis of pancreatitis.

· At high doses of HES 130/0.4, dilutional effects may result in reduced levels of clotting factors, other plasma proteins and a reduction in hematocrit.
ACQUISITION COSTS

Table 7:

	Colloidal Solution
	Cost/Unit ($)
	Cost/Day ($) (Using max. daily dose in 70 kg Pt.)
	Cost/Patient ($) (mean, assuming 1500 ml/day in first 24 hrs)

	Voluven
	32.93 (500 ml)
	230.50*
	98.80

	Hespan 6% 
	7.89 (500 ml)
	23.67
	23.67

	Hextend 6% (electrolytes)
	15.34 (500 ml)
	46.02
	46.02

	Hetastarch 6%
	7.76-11.80 (500 ml)
	23.27-35.40
	23.27-35.40

	Dextran 40
	16.08 (500 ml)
	48.24
	48.24

	Albumin 5% (250-500 ml)
	25.09-49.92
	--
	149.76

	Albumin 25% (50-100 ml)
	17.92-37.43
	--
	187.15 (500 ml)


*Maximum daily dose is higher with Voluven vs. other HES products (50 ml/kg/day vs. 20 ml/kg/day, respectively).  
VA PURCHASES

Table 8: June-August 2011

	HES Solution
	Total Units
	Total Cost ($)

	Voluven (case of 15)
	210
	6,559

	Hespan (case of 12)
	852
	6,379

	Hextend 6% (case of 12)
	1236
	20,664

	Hetastarch 6% (case of 12)
	4536
	33,381

	Dextran 40 (case of 12)
	468
	11,061

	Albumin 5% 
	--
	289,505

	Albumin 25% 
	--
	850,700


PHARMACOECONOMIC ANALYSIS

None published.
CONCLUSIONS

The FDA approved hydroxyethyl starch 6% 130/0.4 (Voluven®) in late 2007 for the prophylaxis and treatment of hypovolemia. It is among a number of hydroxyethyl starch solutions available in the US. Hydroxyethyl 6% 130/0.4 is often referred to as a third-generation or newer generation starch and was developed with the goal of reducing known adverse effects that can occur with older hydroxyethyl starch solutions, including severe, delayed-onset pruritis, impaired coagulation and renal dysfunction. Starches with higher molecular weight, higher degree of molar substitution and higher C2/C6 ratio have greater persistence within the intravascular space but are also believed to be associated with a greater risk for tissue accumulation and adverse events. Hydroxyethyl 130/0.4 has a lower molecular weight, a lower degree of molar substitution but a higher C2/C6 ratio. 

A number of clinical trials have been conducted in which the efficacy and safety of HES 130/0.4 was compared to a variety of crystalloid (e.g., normal saline, Ringer’s lactate, etc.) or colloidal (e.g., other starches, albumin, gelatin [not available in the US] and dextran) solutions in the setting of critical illness/sepsis or surgery. Because of the serious allegations against Dr. Joachim Boldt of fabricating evidence, not obtaining IRB approval and forging names of co-authors, none of the trials in which Dr. Boldt is listed as a contributor were included. 
In critically ill or septic patients, there are limited data comparing 6% HES 130/0.4 to other colloids or crystalloids (available in the US). Therefore it is difficult to determine whether HES 130/0.4 offers any advantage or disadvantages over the other products used for fluid resuscitation in septic patients. Available guidelines support the use of either colloids or crystalloids without a preference for fluid type due to a lack of evidence proving differences in relevant outcomes between products. Because of inconsistent data regarding the effect of HES solutions on renal function in patients with sepsis, two clinical trails have been designed and are underway to help answer that question: “6S-Scandinavian Starch for Severe Sepsis/Septic Shock Trial” comparing 6% HES 130/0.4 to crystalloids in 800 patients with severe sepsis. The primary outcome measure in this trial is a composite of mortality and end-stage kidney failure. A second trial “Crystalloid versus Hydroxyethyl Starch Trial (CHEST)” is comparing 6% HES 130/0.4 to crystalloids (saline) in 7,000 critically ill patients in the intensive care unit. The primary endpoint of this trial is death from all causes at 90 days. Secondary endpoints include renal failure, SOFA score, use of renal replacement therapy, ICU stay, etc. The CHEST study began in April 2010.

In the six included clinical trials involving surgical patients, clinical outcomes did not differ significantly between 6% HES 130/0.4 and either crystalloid or colloids administered (HES 670/0.75, albumin, 6% Dextran 70) in perioperative or postoperative blood loss, transfusion requirements or organ function. In several studies, differences in certain variables (e.g., levels of 2-hour postoperative nadir Factor VIII or von Willebrand Factor (vWF), slightly increased INR, etc.) were observed but the clinical significance of these differences is unknown. In the study comparing 6% HES 130/0.4 to 6% Hetastarch (670/0.75), although some differences were observed in secondary endpoints, the FDA medical reviewer commented that safety endpoints in this particular trial were considered in a sequential manner, so if one endpoint was not statistically different, analysis of subsequent endpoints could only be considered exploratory. The FDA reviewer concluded that superior safety could not be proven based upon data from the trial. A Cochrane review of fluid replacements in abdominal aortic surgery found a lack of evidence to support one fluid as the optimal fluid replacement in patients having abdominal aortic surgery. Existing guidelines for fluid replacement in adult surgical patients do not recommend a particular fluid replacement but recommend that either balanced crystalloids or a “suitable” colloid be used to replace lost blood. Finally, in vitro coagulation studies demonstrate that 6% HES 130/0.4 does have an effect on platelet function/coagulation as assessed by TEG measurements. Based upon this information, it is unclear if 6% HES 130/0.4 offers any advantage or disadvantage over crystalloids or other colloids for fluid replacement in surgical patients. 

With regard to adverse effects, available evidence is lacking from clinical trials to support a safety advantage of 6% HES 130/0.4 over other hydroxyethyl starches.  Since the maximum approved daily dose for fluid resuscitation is higher for 6% HES 130/0.4 (50 ml/kg/day) than other available starches (20ml/kg/day), it is conceivable that 6% HES 130/0.4 might be an option for those patients requiring large amounts of crystalloid and/or colloid solutions (> 20ml/kg/day) or as an alternative to albumin. However, there are limited published data in patients receiving maximum daily doses of 6% HES 130/0.4 (Voluven®) so patients receiving these higher doses should be closely monitored for adverse events including bleeding, delayed onset pruritis and renal impairment.
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APPENDIX (Only those randomized trials comparing HES 130/0.4 to crystalloids, albumin or other HES solutions available in the US have been considered. In addition, those studies listing Dr. Joachim Boldt as an author have been excluded from the review [see footnote below*]. The FDA website was searched for relevant approval and oversight information)
Table 1: Clinical Trials of HES 130/0.4

	Clinical Trial
	Population
	Intervention/Primary Outcome Measure
	Results
	Adverse Events/ Comments

	Dubin21

R, C, blinded observer, Pilot, 2 hospitals, n=25, 24 hrs

Sublingual microcirculation of septic patients

(SEPSIS)
	Septic ICU patients

Inclusion:

18 or older, Infection with 2 or > signs of SIRS (as defined by the Am Coll Chest Physicians/ Society of Crit. Care Med criteria)22, MAP <65 mm Hg despite a 20 mL/kg crystalloid challenge or blood lactate of 4 mmol/L or>
Exclusion:

Stroke, ACS, pulm edema, status asthmaticus, cardiac arrhythmia, GI bleeding, seizures, burns, trauma, received more than 1500 mL of fluid, etc.
	HES 130/0.4 vs. NSS (along with vasopressors, dobutamine, or blood transfustions, prn) to maintain CVP 8-12 mm Hg, MAP 65 mm Hg or >, Scv02 70% or >

Primary Outcome:

Microcirculatory parameters after 24 hrs of resuscitation as assessed by sublingual microcirculation evaluated by sidestream dark field imaging:

-Video images from at least 5 different sites

-A value was assigned depending upon the flow in each vessel (no flow to continuous)

-MFI is the mean of flow scores

-Vascular density was quantified as the number of vessels/mm2

Secondary Outcomes:

SOFA, TISS
	N=25, 4 died (2 each group), 1 HES excluded due to PE and sepsis was ruled out as cause of shock.

Primary Outcome at 24 hrs (HES vs. NSS): 

Capillary density=NS

Capillary MFI=2.5 vs. 1.6 

% perfused capillaries=84% vs. 53%

Perfused capillary density=19 vs. 11 vessels/mm2

(all p<0.005)

Secondary Outcomes:

SOFA=NS, TISS=NS, acid-base parameters=NS

More fluid for volume expansion in NSS group vs. HES (ratio 2.4:1)
	No ADEs reported directly attributable to intervention

Comments:

-Pilot study, no valid parameters regarding micro-circulatory values in EGDT septic shock. Sample size adjusted downward once more published info was available. 

-Scr was 2.1 in NSS group vs. 1.2 in HES group (p=0.048) and showed a tendency toward a higher amount of metabolic acidosis and received more vasopressors on day 1. It is possible that patients in the NSS group were sicker and would have worse microcirculatory measurements.

-Unknown clinical significance=small sample size, no difference in outcomes (SOFA, TISS), relevance of differences found

	Palumbo23

R, single-center

N=20, 5 days

(SEPSIS)
	Septic ICU patients

Inclusion: 

21 and older, severe sepsis

Exclusion: 

Scr>2, BUN >150 mg/dL, urine output <20 ml/h despite diuretics, severe liver failure, DIC, terminal
	HES 130/0.4 vs. HA 20%

Every day, patients received HES or HA at a volume to maintain PCWP between 15 and 18 mmHg

Primary Outcome:

Measures of hemodynamic status, tissue oxygenation status and APACHE II scores

Secondary Outcomes:

Unclear (see comments)
	N=20 (10 men, 10 women), 7 patients died, unsure of number per group.

Primary Outcome HES vs. HA:

-Hemodynamic parameters: Temp, heart rate, MAP, PAP, PCWP, CVP Urine output (NS)

Only RVEF and CI were significantly improved from baseline or vs. HA (p<0.05)

-Oxygenation parameters:

Increased significantly only in the HES group (p<0.05) although unsure if different from baseline or from HA.

-APACHE II scores: reduced in the HES group but increased in the HA group. (p<0.05)
	No ADEs reported directly attributable to intervention

Comments:

-Primary outcome measure not clearly stated. A list of measures was provided but hierarchy of importance was not.

-Results section provided limited discussion of results and whether the statistical comparisons were made between fluid replacement treatments or from baseline

-Seven patients died, however unsure of number per group.

	Tiryakioglu24
? R (groups stratified by risk factors) Single center, N=140, 72 hrs

(CP Bypass Priming Solutions)


	Patients having CABG surgery

Inclusion: elective CABG, no others stated

Exclusion: Preoperative renal insufficiency
	HES 130/0.4 vs. RL

1500 mL HES or RL used in CP bypass priming + 200 ml mannitol and 60 mg sodium bicarbonate 

Primary Outcome:

Labs: Electrolytes, renal and liver function hemostatic parameters, amount of prime solution, post-op drainage, blood components transfused at 12 and 24 hrs. At 72 hrs, Cr Cl

Secondary Outcome: ? Primary and secondary outcomes not clearly delineated.
	N=140 (Baseline Scr: 1 mg/dL RL, vs. 1.1 mg/dL HES)

HES vs. HA at 12 and 24 hrs:
Only statistically different values are reported:

12 hrs: 

INR: 1.39 RL vs. 1.05 HES (p=0.0001)

BUN: 30 mg/dL RL vs. 41 mg/dL HES (p=0.0001)

24 hrs:

Platelets: 148 103/ul RL vs. 189 HES (p=0.001)

INR: 1.38 RL vs. 1.12 HES (p=0.001)

BUN: 32 mg/dL RL vs. 46 mg/dL HES (p=0.001)

Scr: 1.1 mg/dL RL vs. 1.4 mg/dL HES (p=0.001)

CrCL 72 hrs:

68 ml/min RL vs. 64 ml/min HES (NS) (Baseline CrCl=76 ml/min RL vs. 82 ml/min HES)
Operative and Post-op Data:

Only statistically different values are reported:

Fluid added to pump during CPB: 1360 ml RL vs. 0 HES

*No difference in post-op blood or FFP transfusions. No difference in extubation time, ICU stay, creatinine clearance or discharge time.
	No ADEs reported directly attributable to intervention
Comments:

-unblinded, unclear if randomized (do not think so).
-Scr, (24 hrs) and BUN (12 and 24 hrs) increased significantly in HES vs. RL. 

-At 72 hrs, creatinine clearance was similar and stated to have been “obtained.” Unsure how the values were obtained (estimated or calculated).

-Baseline CrCl in HES was 82 ml/min vs. 64 ml/min at 72 hrs post-op. RL CrCl was 72 ml/min baseline vs. 68 ml/min 72 hrs post-op
-BUN higher in HES group. Could that be explained in part due to no additional fluid administered during CPB vs. added fluid in RL group?

-INR was significantly higher in RL vs. HES but no differences in transfusion requirements, bleeding, etc.

-If outcomes are similar, why not use crystalloids?

	Choi25
R, Blinded, C, single-center, N=36, 24 hrs post-op
(CP Bypass Priming Solutions)


	Patients scheduled for elective mitral valve surgery

Inclusion: Elective mitral valve surgery

Exclusion: emergency surgery, known CAD, infective endocarditis, inflammation, coagulation disorder, antiplatelet drugs within the past 5 days, liver disease, Scr >1.4, LVEF <50%, hgb <10 mg/dL
	HES 130/0.4 vs. HA 5%

500 mL of HES or 500 mL of 5% HA. Priming solution also contained mannitol, heparin, sufentanil, midazolam, and Ringer’s solution. 

Outcome Measures:

-Strength of formed clots using TEG tracing on collected samples of blood at 4 hrs after CPB

-Change in hemostatic variables (PLT, HCT, PT, aPTT)

-Need for fluids or blood products

-Change in pro-inflammatory markers (IL-6, IL-8, TNF-∂, WBC)
	N=36

TEG tracings: the rate of clot development and strength of fibrin clot were reduced at 4 hrs vs. baseline (p<0.05) in both groups.

Hemostatic parameters:

No difference between groups, but PLT and HCT values were significantly reduced from baseline (p<0.05)

Fluid or blood products:

No difference between groups in amounts of crystalloid or colloidal fluid infused. No difference in transfusion of blood products

Change in pro-inflammatory markers:

No difference between groups but IL-6, IL-8, TNF were all significantly increased 0.5 hrs after CPB, and IL-6, IL-8, TNF and WBC were significantly elevated from baseline at 4 and 12 hrs after CPB.


	No ADEs reported directly attributable to intervention.

Comments: Authors report that CPB does lead to an effect on coagulation. Therefore, it is desirable to choose priming solutions having little to no additional effect on coagulation. In addition, hemodilution can lead to an effect on clot strength. In this study, there was no difference in any outcome measure between groups. However, there were differences from baseline.


	Gandhi26

R, DB, MC, N=100, up to 48 hrs post-op and 28 days post-op for ADEs
(Major orthopedic surgery)


	Patients scheduled for major orthopedic surgery with expected blood loss >500 ml
Inclusion: undergoing elective orthopedic surgery with an expected blood loss of >500 ml. 

Exclusion: Allergy to HES, coagulation disorder, renal dysfunction or anuria not related to hypovolemia, severe cardiac disease (NYHA class III or IV), unstable angina or pregnancy.


	HES 130/0.4 vs. HES 670/0.75

Colloid administration determined by CVP and arterial blood pressure. (CVP <10 mmHg, colloids infused). Study colloids were stopped for CVP >15 mmHg

Primary Outcome:

Total volume of colloid solution required for intraoperative volume resplacement

Secondary Outcome:

Total fluid input/output, use of vasoactive meds

Primary Safety Outcome:

Perioperative red blood cell loss (induction of anesthesia to 48 hrs post-op, nadir factor VIII activity, nadir vWF antigen conc within 2 hrs after surgery, use of FFP

A Priori subgroup analysis:

1) Pts hemo-dynamically stable at end of wound close and in post-anesthesia care unit 2) Pts without major blood loss and without use of other colloids. 3) Pts received >1000 ml HES 130 or HES 670
	N=110 enrolled, 10 withdrawn before surgery. N=100 completed study.

Most common surgery was of the hip or spine.

Primary Outcome:

HES 130: 1623 ml 

HES 670: 1584 ml (NS)

No difference in volumes of HES infused in any of the 3 “A Priori” subgroups; no difference in crystalloid admin or CVP.

Secondary Outcome:

No difference in fluid input between groups with the exception of when RBCs+ whole blood and salvaged blood were combined in favor of HES 130 (p=0.0296 only for pts receiving the fluid type and p=0.1916 for all pts) 

In those pts receiving >1000 ml of HES 130 or 670, the only difference in fluid input was when RBCs, whole blood and salvaged blood were combined (p=0.0345 only in pts receiving that fluid type, p=0.1408 for all pts).

No difference in vasoactive therapy

Primary Safety Outcomes:

Calculated RBC loss and estimated blood loss were not different between groups.

Nadir factor VIII was 19% lower in the HES 670 vs. HES 130 group (p=0.0499) 2 hrs post-op. In the group receiving >1000 ml of colloid, FVIII nadir was lower in HES 670 vs. 130 group (p=0.049) 2 hrs post-op

Nadir vWF 2 hrs post-op lower in HES 670 vs HES 130 group (p=0.008) in the subset of pts receiving >1000 ml of colloid. No difference in ITT population and nadir vWF.. 

At 24 and 48 hrs, FVIII and vWF were higher in HES 130 vs. 670 group (P<0.0001)

No difference in FFP admin

*First value is baseline

130

670

p-value

aPTT

24 hr

48 hr

28.9

29.8

30.3

28.1

33.7

32.6

p<0.05

PT

24 hr

48 hr

11.9

12.8

12.5

12.1

14.1

13.9

p<0.05

FVIII

24 hr

48 hr

146.3

244

315.3

143

151.1

228.1

p<0.05

vWF

24 hr

48 hr

132.8

220.1

258.9

134.6

146.6

210.8

p<0.05


	5 pts in HES 130 had 9 serious ADEs vs. 9 pts in HES 670 had 11 serious ADEs. 

3 serious coagulopathies were reported in HES 670 and none in HES 130 group. (All received > 3 liters of HES 670). No details provided of the serious ADEs and whether or not they were related to the intervention or details on the serious coagulopathies.
Comments: 
No difference in volume expanding or replacement efficacy. In those pts requiring blood, there were no differences in requirements for individual components (FFP, RBC, whole blood, salvaged blood). However, a difference did exist in favor of HES 130 when the administration of RBCs, whole blood and salvaged blood were combined. The difference was only present in pts receiving these treatments and not the ITT population. There was a difference in the 2 hr nadir FVIII in the ITT pop and in the subgroup of pts receiving>1000 ml colloid. There was no difference in 2 hr nadir vWF in ITT pop but was a difference in >1000 ml subgroup.

Small sample size of patients.

The authors commented that HES 130 might be an alternative in those patients requiring large volume replacement.

In the FDA’s review of this study, since the safety endpoints were only considered in a sequential manner, if one safety endpoint was not different, analysis of the next safety endpoint could only considered exploratory and not confirmatory. As a result, the FDA reviewer concluded that the superior safety of HES 130 over HES 670 could not be concluded based upon these data.27

	Mukhtar28

R, N=40, up to 4 days post-op
(Patients undergoing living donor liver transplantation)
	Pts with end-stage liver disease having living donor liver transplantation

Inclusion: Pts having liver transplant
Exclusion: pts having retransplantation, upper abdominal surgery, portal vein thrombosis, <18 yrs, primary renal dysfunction
	HES 130 vs. HA 5%

Bolus of 250 ml of either HES or HA followed by up to max admin of 50 ml/kg/d to maintain CVP between 5-7 mmHg during intra operative period and 4 post-op days. RL solution was admin at 10 ml/kg/hr.

Primary Outcome:
Effect on renal function (Scr, serum cystatin C and calculated CrCl post-op and days 1-4 post-op
	N=40

No difference in ischemia or operative time, duration of mechanical ventilation, start of enteral feeding. No difference in ICU or hospital stay. One patient in each group needed RRT.

Mean volume of intraoperative colloid: 

HES: 3080 ml vs. HA: 3500 (NS)

Mean total volume post-op: HES: 6229 vs. HA 4636 ml (p=0.003)

Net cumulative fluid balance:

HES: 3047 vs. HA 1100 (p=0.029)

Use of crystalloids, RBCs, FFP and urine output did not differ.

Use of diuretics was higher in HES vs. HA. (p<0.05)

Scr and CrCl did not differ throughout study period. Cystatin C levels tended to be higher on days 2 and 3 in the HES group (p=0.08) but could be explained by more severe renal disease in HES group (all 3 pts with severe renal disease in HES)


	No ADEs reported directly attributable to intervention.

Comments: All 3 patients with severe renal impairment (CrCl<30 ml/min) were randomized to HES group.

Cystatin C is filtered from the blood by glomeruli, therefore can be used to monitor changes in GFR. As GFR decreases, less cystatin C is filtered and the levels increase. There is still uncertainly about when and how this test should be used.

Did not study the influence of volume therapy on integrity of renal tubular function which can be measured using markers such as N-acetyl-B-D-glucosaminidase and glutathione transferase-alpha. 

Authors comment that most pts in their study had nearly normal renal function before transplant, therefore unsure of the effect of HES on pts with a population with more severe renal disease than included. In addition, the nonrenal safety of HES in these pts is not known. Long-term follow up data from this trial is lacking.

	Lee39

R, OL (blinded endpoint), SC n=106

24 hr follow up

(Patients receiving DAPT and undergoing OPCAB)
	Pts on DAPT and undergoing OPCAB surgery

Inclusion: Pts having OPCAB surgery and taking clopidogrel and aspirin (DAPT) within 5 days of surgery. A single surgeon performed all operations.

Exclusion:  emergency surgery, MI, history of cardiac surgery, history of bleeding diathesis or liver dysfunction, ejection fraction <40%, hgb<12 g/dl, plts <100,000 mm3, abnormal aPTT, INR, SCr >1.4 mg/dl or uses of glycoprotein IIb/IIIa inhibitors
	HES 130/0.4 vs. Crystalloid (Plasma Soln A)

HES 130/0.4 up to 30 ml/kg/d or crystalloid to maintain CI >2.2 L/min, SvO2 >60%, and urinary output 0.5 ml/kg/h. 

In the HES group, if max daily dose of 30 ml/kg did not maintain these hemodynamic parameters, a balanced, multiple electrolyte-containing solution was given. 

Norepinephrine, nitroprusside and if needed vasopressin were used to maintain MAP between 60-80 mmHg.

Primary Outcome: 

Difference in perioperative blood loss defined as the blood loss during surgery +within the first 24hr post-op

Other Outcomes:

Total infused fluid, urine output, intraoperative and 24hr post-op transfusion requirements, permanent stroke, renal dysfunction (either: SCr >2 ml/dl, >50% reduction in estimated GFR vs. baseline and new requirement for RRT, Post-op MI and length of hospitalization.

TEG variables (stages of blood clot formation in a graphic format) were also measured
	N=106

Primary Outcome: 
Overall, perioperative blood loss did not differ between groups or when separated into bleeding in the OR or 24hr in the ICU:

Overall: 1,028 ml (crystalloid) vs. 978 ml (HES), p=0.483

OR:  218 ml (crystalloid) vs. 232 HES, p=0.637

ICU (24 hr): 810 ml (crystalloid) vs. 753 (HES), p=0.353

Other outcome measures:

There were no differences in transfused pRBCs, FFP or numbers of patients requiring transfusion of either blood product. 

More crystalloid was infused in the crystalloid vs. HES group:

8,342 ml vs. 6,694 ml (p<0.001)

Mean HES volume given: 1,458 ml in the HES vs. none in the crystalloid group. (p<0.001)

No differences in urine output were noted. 

Authors noted that INR was elevated post-op in the HES vs. crystalloid group (p<0.028) but still in the normal range.  Hemoglobin levels were statistically lower in the HES vs. crystalloid group. Both INR and hemoglobin were similar between groups at baseline. 

Use of vasopressors was not different between groups.

One patient in the HES group developed renal failure requiring dialysis. Other endpoints for morbidity did not differ (e.g., length of stay, etc.).

TEG measurement demonstrated similar effects on coagulation impairment and duration of effect 1) time to initial fibrin formation, 2) rapidity of fibrin cross-linking, 3) speed of clot formation and 4) clot strength and activity of fibrin and platelets. 


	Authors reported incidence of ADEs was not different between groups.
Comments: Unsure what Plasma Solution A contains and whether it is available in the US.  Not clear if balanced multiple-electrolyte isotonic solution (crystalloid) used in HES group was the same as the crystalloid comparator.

HES daily dose limit was lower in this study vs. the FDA approved max dose (30 ml/kg/d vs. 50 ml/kg/d, respectively). Effect on various study variables might be different with higher HES doses. 

Power calculations were based solely upon the expectation of a standard deviation of 250 ml and blood loss of 150 ml or greater to be considered significant. Power calculations were based upon primary endpoint of blood loss and not outcomes or other measures.

Overall, no difference in endpoints between HES and crystalloid groups in patients receiving DAPT and having OPCAB except INR was slightly higher and hemoglobin lower in the HES vs. crystalloid group. Unsure if higher dose of volume replacement using HES will produce similar effects.



	Zdolsek40

R, OL, SC, N=78, 30 days post-op for ADEs

(Patients scheduled for elective hip surgery under spinal anesthesia)
	Patients 52-87 yrs and scheduled for elective hip surgery under spinal anesthesia.

Inclusion: ASA physical status classification system I (normal healthy) and 2 (mild systemic disease) and >18 yrs

Exclusion: ASA class III (severe systemic disease) or IV (severe systemic disease constant threat to life), heart or kidney failure, rheumatoid arthritis, known clotting disorder, use of general anesthesia, use of cell saver, on warfarin or clopidogrel or allergy to study colloids.
	HES 130/0.42 (VF), HES/0.4 (VV), HES 200/0.5 (HS), Dextran 70 6% (Dex): 500 ml pre-op and as needed to maintain circulatory stability.

Primary Outcome: Surgical blood loss, blood volume expansion from colloids and effect on coagulation using ROTEM was assessed.

*Unclear the hierarchy of the endpoints.
	N=84 randomized, 78 included in final analysis (HES 130/0.4=22, Dextran 70 6%=18, other colloids not available in US but had 18 and 20 in those groups.

(ml)

VV

Dex

VF

HS

Colloid

1023

861

886

861

Crystal

1186

1319

1316

1365

Bleeding

511

524

539

595

Volume Effect

500 ml

597

607

534

681

Post-op

309

680

303

465

No difference in bleeding, volume effect increased by 14% more than amount of colloid infused (607 ml vs. only 500 ml infused). Volume effect reduced over time but was maintained for Dex vs. other colloids

6 patients received pRBCs but no info given on which groups the patients were in.

Initial volume loading with VV and HS prolonged the aPTT and Dex prolonged aPTT after surgery. PT-INR and D-dimer increased similarly for all 4 colloids. Thrombin-antithrombin-complex (TAT) increased with twice as much with VF and HS (neither avail in US). Clotting time was reduced with all colloids and max clot formation (MCF) was lower representing weakened clot strength for all 4 colloids.

Overall, no significant differences between colloids on blood loss, coagulation (all reduce time to clot and weakened clot strength) and expanded plasma volume. The half-life of the colloids may explain the varied effects post-op on volume expansion, etc.
	No patient require reoperation due to bleeding, 3 had post-op thrombotic complications within one month after surgery (2-lung emboli, 1-HES 130/0.42 and 1-HES 130/0.4, and 1-stroke, 1-Dextran)
Comment: Randomization was done by selection of one of 80 envelopes (20 of each colloid solution). Unsure if this method is valid since 6 patients were removed from study, another 5 were added and the new 5 selected a different envelope leading to different numbers in groups. Although no stats were provided, number of females was high in HES 130/0.4 group vs. others and patients were much younger in this group (mean 67 years vs. 75, 73 and 71).

2/4 colloids studied are not available in the US. And therefore were not included in detail in the results.


ACS=acute coronary syndrome, aPTT=activated partial thromboplastin time, ASA=American Society of Anesthesiologists, BUN=blood urea nitrogen, C-controlled, CABG=coronary artery bypass graft, CAD=coronary artery disease, CI-cardiac index, CPBypass=cardiopulmonary bypass, CrCl=creatinine clearance, CVP=central venous pressure, BD=double-blind, DAPT=dual antiplatelet therapy, DIC=disseminated intravascular coagulation, EGDT-early goal directed therapy, FFP=fresh frozen plasma, FVIII=factor VIII, GFR=glomerular filtration rate, GI=gastrointestinal, HA=human albumin, HCT=hematocrit, ICU=intensive care unit, IL-6 or IL-8=interluekin, ITT=intent to treat, MAP=mean arterial pressure, MC=multicenter, MFI=microvascular flow index, NS=not significant, NSS=normal saline solution, OL=open-label, OPCAB=off-pump coronary artery bypass surgery, PAP=pulmonary artery pressure, PCWP=pulmonary capillary wedge pressure, PE=pulmonary embolism, PLT=platelets, pRBCs=packed red blood cells, PRN=as needed, PT=prothrombin time, R=randomized, RL=ringer’s lactate solution, RRT=renal replacement therapy, RVEF=right ventricular ejection fraction, SC=single center, Scr=serum creatinine, Scv02=central venous oxygen saturation, SIRS=systemic inflammatory response syndrome, SOFA=sequential organ failure assessment, TEG=thromboelastography, TISS=therapeutic intervention scoring system, TNF-∂=tumor necrosis factor, vWF=von Willebrand Factor, WBC=white blood cell

*Over the past few months, it has come to the attention of publishers and clinicians that a widely published author (Joachim Boldt) in the area of fluid replacement has been accused of fabricating studies, failing to obtain IRB approval and forging names of co-authors on manuscript submissions. Investigations into these allegations are underway. As a result, publications in which Dr. Boldt is listed as an author are not included in this review. On March 4, 2011, the Editors in Chief for a large number of journals released a list of studies published by Boldt, et al, that were being retracted since IRB approval could not be verified. The current list includes 88 studies in which Dr. Boldt is included as an author. http://www.oxfordjournals.org/our_journals/jac/eic%20joint%20statement%20on%20retractions%204mar2011.pdf 
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