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Hyperglycemic Clamp 
Rationale

The hyperglycemic clamp test as implemented here involves increasing and then maintaining the plasma glucose concentration at 200 mg/dl for 2 hours with an intravenous infusion of dextrose (Stage 1). At the end of the 2 hours the dextrose infusion is increased to bring the glucose concentration to at least 450 mg/dL, and then arginine is infused to stimulate insulin secretion (Stage 2). 

The purpose of the hyperglycemic clamp is to measure first and second phase insulin responses (with the Stage 1) and then the maximal insulin response (with the Stage 2). 

Equipment Needs

· Clamp spreadsheet on computer running Microsoft Excel, available at the bedside

· Examination gloves

· Bedside glucose measurement device (Yellow Springs Instrument or equivalent), along with appropriate glucose standards for calibration (to be done every day that studies are performed). (For multicenter studies, cross-site calibration procedures are done separate from study days; details below)

· For the YSI samples:

· Bedside microcentrifuge for spinning samples to allow measurement of plasma glucose (i.e. the supernatant of a spun whole blood sample) 

· At least 40 microcentrifuge tubes (pretreated for anticoagulation; purchased locally)

· Alternative for anticoagulation: Syringe with heparin 10,000 U/mL, add 1 drop from 20G or smaller needle into each untreated microcentrifuge tube
· Glucometer or second YSI for backup (should use the same machine throughout the clamp)

· Scientific timer, for recording elapsed time, capable of recording time in intervals of seconds or smaller

· Calibrated hospital-grade infusion pumps (various brand names) – pumps to be calibrated every 6 months (separate procedure below)

· Supplies for placement and maintenance of intravenous infusion lines (including Luer lock stopcocks, see setup diagram below)

· Heating pad or hot air box for warming hand to be used for sampling arterialized blood

· 3 bags of 20% dextrose (D20W); if possible, all bags from the same manufacturer’s lot on each study day

· 50 ml of 50% dextrose (D50W), if needed

· 2 bags of normal saline (0.9% NaCl) 
· Arginine stock solution (10%) (will use 50 ml for a 5 gram bolus)
· Sterile syringes for flushing with saline (~40 total) or alternative equipment to flush the line


· ~80 x 3 ml Luer lock syringes or TB syringes for blood sampling – 1-2 per draw (1 waste, 1 sample)

· ~10 x 10 ml Luer lock syringes for blood sampling (for intervals when multiple samples are needed at a single time point)

· Ice bucket and ice, to be refreshed ~hourly through the study
· Vacutainers for timed blood sampling 

· Transfer devices for moving blood from syringe to vacutainer tubes 

· Barcode labels with stamped participant number and hand-written visit date (write in actual date of visit on which blood is drawn—if visit date changes, make sure the label reflects the correct date); or equivalent study specific labels
· Urinal or bedpan for use at the bedside

· Extra IV supplies at bedside
· Meal ready for post-clamp
Participant Preparation for the Visit

1. Before the visit, the participant should be given or sent the instructions for preparing for the clamp visit.  

2. It should be a priority to contact the participant (by phone, mail, e-mail) as close as possible before the visit with the following information:

(a) Eat your normal diet the 3 days prior to the clamp. 

(b) Do not eat or drink anything but water for at least 10 hours before the visit.

(c) Drink plenty of water.

(d) Do not engage in any physical activity other than walking within 10 hours of the visit.

(e) Do take your non-study medications the morning of the visit. If possible, do not use asthma inhalers the morning of the visit.

(f) Do call to reschedule the appointment if you have been ill during the 7 days before the visit. Illness is defined as a fever, vomiting, diarrhea, any physical stress, or the use of medication that in the opinion of the investigator may affect the blood glucose of the participant. Seasonal allergies are not considered an illness. In the case of transient physical illness within 7 days of this test, the clamp should be rescheduled. 
(g) The participant should not use systemic or injected steroids for 2-4 weeks preceding the test. If the participant has used steroids recently, reschedule the test to allow 2-4 weeks between discontinuing steroid use and the date of the clamp; timing at the discretion of the investigator.

(h) The participant should bring all medications, including study medication, to the visit.
Participant Safety

The investigator is responsible for ensuring that participants meet inclusion/exclusion criteria, including but not limited to safety parameters, prior to undertaking the procedure.

The minimum site-specific threshold for blood counts must be met to allow the blood sampling with the clamp procedure. In most cases there is an opportunity to measure a CBC or hemoglobin or hematocrit prior to the morning of the clamp study. If this measure is not available, a stat measurement should be obtained prior to proceeding with the clamp.

Women of childbearing potential must have a negative urine pregnancy test performed immediately prior to a clamp procedure.
Procedures

The clamp spreadsheet (available from the RISE website) provides guidance on momentary glucose infusion rates needed to achieve and maintain target glycemia during the procedure. It is filled in throughout the clamp procedure and needs to be running on a computer that is immediately available at the bedside.  
On first opening the spreadsheet you will need to “enable macros” so that the document functions properly. Instructions for use of the spreadsheet are contained within the spreadsheet. In brief, as glucose values become available, they are entered into the appropriate timed row, and the spreadsheet produces guidance for the glucose infusion rate. The proposed rate is provided in the appropriate cell in the same row, but the person performing the procedure can select any rate they deem correct. The time a change is made, if any, is entered into its own cell to allow accurate calculation of glucose infusion volumes.  
Enabling macros on a PC: 
[image: image2.png]) 8

‘Home \ Insert  Pagelayout  Formulas  Data  Review  View
(Bl aial o -|fa |

14a copy
Past ;
> rormatpaimer B 2 0 [ oA

Clipboard 5 Font Alignr
@ Security Warning  Macros have been disabled. | Options.
RISE_Subject ID  ~ A

A B C D
F

Subject Nickname
RISE Subject ID
RISE Site

1
2
3
4
.

Hyperglycemic Clamp




    [image: image3.png]Moo Ofce Sy Ootors w1

@  Security Alert - Macro

Macro
Macros have been disabled. Macros might contain viruses or other security hazards. Do not
enable this content unless you trust the source of this file.

Warning: It is not possible to determine that this content came from a
trustworthy source. You should leave this content disabled unless the content
provides critical functionality and you trust its source.

More information

File Path: ~ C:\...sc-default\Downloads\RISE Arginine-Hyper Clamp V4_9 080913 PROD.xism

Help protect me from unknown content (recommended)

Enabe this content!

Open the Trust Center




 
Enabling macros on a Mac:
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Once all macros are enabled, enter all yellow fields at the top of clamp spreadsheet and click “Save with Standard file name” in order to save your spreadsheet with a standard naming convention. The file naming convention is as follows: Hyperclamp_ID_DATE.xlsm, where:

· ID is the text entered in the ID field
· DATE is the visit date of the clamp in mmddyyyy format (e.g., 08072013).
Note: If the fasting glucose is >195 mg/dL the initial hyperglycemic stage of testing (the first 120 minutes of the clamp procedure) will not be done. Collect samples as instructed in the laboratory manual of operations using the steady state tubes. For these patients, there will be no data on insulin sensitivity. After collecting the steady state tubes, proceed directly to the 450 mg/dL stage followed by arginine infusion. 
General Instructions to participants

Prior to initiating study procedures, the participant should empty his/her bladder. Note: This urine is not collected as part of the procedure and can simply be flushed. The long duration of the study procedure and the fact that he/she will be unable to get out of bed until the study is completed should be explained. 

Participants should remain inactive with quiet activities during the clamp, either in bed or in reclining chair with legs elevated. Sleeping is discouraged. 
Urination will be required at 120 minutes. Encourage urination at or prior to 60 minutes, because urination between 60 and 120 minutes may prolong the duration of Stage 1 of the clamp. When urinating, they may be permitted to use a bedpan, bedside commode or urinal. Due to the multiple infusion lines and to the vasodilator effects of insulin, no other ambulation is allowed. All infusions continue during a break for urination. A 5-10% increase in the D20W infusion rate may be required to maintain glucose levels at target.
All urine produced during Stage 1 of the procedure should be collected and saved. This will be added to the final urine sample taken at 120 minutes, for measurement of total urine volume produced during Stage 1 of the clamp.
Blood sampling

This procedure involves multiple timed blood samples. A blood volume at least twice the dead-space of the catheter must be withdrawn from the catheter before drawing blood for the actual sample, to avoid dilution of samples by heparin or saline (the ‘waste’). This blood may be discarded or returned to the participant depending on local policies; using the double stopcock setup (see below), this is easily re-infused. 
Sample time is defined as the time at which the drawing of the actual blood sample (not the waste) begins. Sample times should follow scheduled times as closely as possible. 
Problems obtaining a sample can occur over the course of the procedure if the stopcocks accumulate fibrin or other blood products. This may require replacing the stopcocks during the procedure.
STAGE 0: Preparation and Baseline Blood Sampling

1. The hyperglycemic clamp should begin between 6:00-10:00 AM and may not start later than 10:00 AM. Optimum start time is between 7:00-9:00 AM. The anticipated duration of the procedure is ~3 hours once underway.

2. Verify fasting state with participant (minimum 10 hours since last caloric intake) as per fasting blood sample instructions in the section on procedures for the fasting blood draw, above. If the fast is less than 10 hours, reschedule the test or, if time permits, wait until 10 hours has elapsed.

3. If not otherwise completed, measure and record relevant anthropometric and blood pressure measurements prior to initiating intravenous lines

4. Place an infusion catheter (18-22G, short) in one arm (antecubital fossa or other reliably large vein). This is typically placed in the nondominant arm, but for convenience in arranging the study room can be either arm. This line will be used for infusion of fluids, and will require the appropriate stopcock tree to simplify this. Stabilize the infusion setup with tape against the participant’s arm.

See Diagram 1: One stopcock upstream of the catheter

5. Place a second catheter (no smaller than 22G) in the contralateral arm. A retrograde catheter in a vein in the dorsum of the other hand is preferred, but the principle is to obtain a line as distal as possible. This line will be used for sampling arterialized blood, and will need the appropriate stopcock tree to allow sampling while minimizing waste and chance of contamination. Infuse normal saline (0.9% NaCl) at a low rate (e.g., 30 ml/hr) to keep vein open.

See Diagram 2: One or 2 stopcocks upstream of the catheter, depending on local practice, on an extension so the Luer lock connection is not right against the hand and can be brought out of the warming blanket or hot box.
6. Warm the arm/hand that will be used for sampling, using a heated pad, hot air box, or other device that can provide continuous and controllable warming. Encourage the participant to speak up if it is uncomfortably warm and check routinely to ensure the applied heat is not harmful. If done with a heating pad be aware that these typically have an automatic shut-off time interval, and will need to be continuously restarted.

7. After 15 minutes of rest following IV placement, withdraw baseline blood samples (see Table below) at -10 minutes and -5 minutes before the initiation of the glucose infusion. (A minimum of two baseline sampling timepoints need to be drawn but the number can be increased based on local study requirements as needed.) Measure and record the baseline fasting plasma glucose value (average of -10 and -5 minute values). Note clock times of this baseline blood draw on the clamp spreadsheet. At the month 12 and month 15 visits if participant’s fasting plasma glucose is elevated, follow the guidelines below: 
a. If fasting plasma glucose >195 mg/dL, do not proceed with any version of Stage 1. Instead proceed directly to Stage 2 (450 mg/dL plus arginine). Prior to continuing to Stage 2, collect fasting/pseudo-steady state samples at baseline (using tubes for 100, 110, 120 minutes over a 30 minute interval) in advance of proceeding with the Stage 2 bolus and high infusion rate.

b. If fasting plasma glucose is 180-195 mg/dL, proceed with the Stage 1 clamp WITHOUT a bolus. This is to avoid the problem of overshooting with the bolus and then being unable to reduce the infusion rate (from zero) to bring the glucose back down. The spreadsheet’s estimated infusion rate will be low, but the team should be quick to reduce it further to avoid overshooting.
c. If fasting plasma glucose <180 mg/dL, proceed as usual. The spreadsheet will calculate a bolus and initial infusion rate proportional to the actual glucose number. STAGE 1: Hyperglycemic clamp
Stage 1: First Phase and Second Phase Responses

The goal for Stage 1 is to rapidly achieve and stably maintain plasma glucose concentrations of 200 mg/dL. Infusion rate adjustments will be continuously required over the interval of the clamp, because of the endogenous insulin response to the glucose infusion. This response is nonlinear, and requires larger infusion rate adjustments early in the clamp than later in the clamp. It is useful to remember that the infusion rate will follow a hyperbolic curve, nearing a plateau. 

The exact needs for each participant cannot be predicted, and infusion rate changes will need to be based on the response to prior changes. Larger changes will likely be needed earlier in the procedure compared to later in the procedure. If the current glucose is at or above target, infusion rate increases may not be needed, and reductions could be required. In most cases the infusion rate will continue to increase over the ‘steady state’ period (between 100 and 120 min).
If this is a follow-up (post-intervention) clamp for the individual, review the record from the original hyperglycemic clamp for Stage 1. If the achieved glucose differed from 200 mg/dL then the glucose target should be modified in the appropriate cell in the spreadsheet, in order to replicate the baseline clamp as much as possible.

1. Inject the glucose bolus:

The initial bolus of dextrose is calculated based on weight, and the same formula is used for children and adults. These are included in the overall clamp guidance spreadsheet available through the RISE website. As noted above, the spreadsheet will calculate a bolus for participants with fasting plasma glucose <180 mg/dL. For participants with fasting plasma glucose 180-195 mg/dL, proceed without a bolus. 
Formula: Weight (kg) * (200-CurrentGlucose) * 1.1 / 180 = ml D20W bolus
(see below for an expanded version of the formula explaining the derivation of the terms)
Example: 100 kg subject, glucose = 90 mg/dL: bolus = 67.2 mL D20W. This bolus will be administered by IV push over 60-90 seconds. 
2. Start the timer as soon as the bolus begins. This is time 0. Administer the bolus over 60-90 seconds. It is important to get the bolus completed as close as possible to 60 seconds to provide an optimal rapid stimulus for insulin secretion by the beta cell. Record the clock time on the clamp spreadsheet. The spreadsheet will populate the anticipated clock times of subsequent clamp steps, but the actual timer times when infusion rates are changed need to be entered throughout.  
3. At the end of the bolus, start a variable rate glucose infusion. Glucose will be infused in the form of 20 g/100mL glucose solution (D20W). The initial glucose infusion rate will be calculated as:
Formula: (Weight (kg) * 5 * 60) / 180 = mL/hr D20W

Example: The same 100 kg subject would start at 167 ml/hr D20W 

4. At 2, 4, 6, 8, and 10 minutes samples are drawn for central lab measurements of glucose, insulin, C-peptide. Bedside glucose measurements for adjustment of the glucose infusion rate will first be drawn with the 10 minute timepoint and then every 5-10 minutes thereafter. The timer started at 0 minutes should be used to determine the timing of these blood samples.

5. Flush stopcock, line, and catheter with 3-5 mL sterile saline after each blood draw.
6. The study schema assumes that steady state will be adequately approximated at 100 minutes. On this basis, planned blood samples for laboratory measures at steady state (insulin, glucose, c-peptide) are scheduled at 100, 110, and 120 minutes (see Table below). 
If the target plasma glucose has not been achieved by 100 minutes, delay starting steady-state sampling for up to 20 minutes if needed to get the plasma glucose within target range. Once at 200±5 mg/dL, complete the next 20 minutes of steady-state sampling at 10-minute intervals. Once steady-state sampling is initiated, it must be completed within a contiguous 20 minute period. The latest that steady state collection can start is T=120 minutes; if plasma glucose is not within the target at 120 minutes, begin collection of the steady-state samples anyway. Use the Notes column if needed to make timing clear. Stage 1 should be completed in all cases by 140 minutes. 
7. It may be useful to have the patient void their bladder midway through the procedure, to ensure their comfort as the steady state time approaches. If this occurs, collect and save the urine produced, and measure the volume. 

After the final blood sample of Stage 1, have the patient completely void into a urine hat or urinal. Add this urine to any urine collected earlier in Stage 1. Measure the total volume of the urine produced in Stage 1 (including any urine collected at times prior to steady state during the procedure). Take a 5 mL aliquot from the pooled collection from Stage 1 to send to the lab. After the lab aliquot has been collected the remainder can be discarded. 
a. Important note: the urine sample must be obtained prior to starting Stage 2. If the participant is unable to void prior to Stage 2, record the urine sample as missing along with a comment. Any urine collected during Stage 2 should be discarded.
8. Also save a 5 mL sample from the D20W infusion bag in use at the end of the infusion. These samples will be sent to the central lab for measurement of glucose. 

Note: If D20W bags used were from more than one lot, send a sample from bags representing each lot number. Otherwise just one sample is needed to represent all bags used.

STAGE 2: Maximal Insulin Response
The next goal is to achieve a new target glucose concentration of at least 450 mg/dL. This will be accomplished by a second glucose bolus (D20W) followed by an increased infusion rate, with changes again guided by plasma glucose measurements every 5 minutes. The anticipated time required to stably accomplish this is 20-30 minutes. This level of glycemia should be maintained for a minimum of 15 minutes, with total duration since initiating Stage 2 of at least 30 minutes, before obtaining the -5 minute sample relative to the arginine bolus and proceeding with the arginine bolus. 

It is possible that the above method will not achieve a glucose of 450 mg/dL, which is generally evident by 15 minutes after the Stage 2 bolus. The plan for managing this is to have the option of providing a second small dextrose bolus at that time point, using D50W, to ensure that the target level is achieved. Details are embedded in the stepwise instructions below.

If this is a follow-up (post-intervention) clamp for the individual, review the record from the original hyperglycemic clamp Stage 2. If the achieved glucose was below the target of 450 mg/dL then the infusion methods used in the original clamp should be replicated in an attempt to match the achieved level of hyperglycemia (e.g., if maximal pre-arginine was 400 mg/dL at 45 minutes after the Stage 2 bolus, this should be replicated as much as possible for subsequent clamps). This should not be routinely necessary.
After all sampling is completed for Stage 1 of the clamp, restart the timer and proceed as follows.

9. For participants who completed Stage 1: 

a. Inject the D20W bolus according to the calculated amount provided on the spreadsheet, using the analogous bolus formula as in Stage 1

Formula: Weight (kg) * (450-CurrentGlucose) * 1.1 / 180 = ml D20W bolus

b. Increase the D20W infusion rate to the maximal available on the infusion pump (generally 999 ml/hr), whichever is lower (the spreadsheet will provide this number in the upper non-scrolling piece of the form). 
10. For participants who do not undergo Stage 1 of the clamp due to fasting glucose >195 mg/dL, 
a. Inject a D20W bolus according to the spreadsheet

b. Initiate a D20W infusion at the rate suggested by the spreadsheet, which is calculated as

Formula: (Weight (kg) * 5 * 60) / 180 = mL/hr D20W * 4
11.  If the glucose at Stage 2 T=15 minutes is less than 400 mg/dL, administer a supplemental bolus of D50W as one 50 mL dose delivered as a slow bolus over approximately 2 minutes. This should be done through the same IV line as the D20W infusion, either in line with the ongoing D20W or via a stopcock with the D20W temporarily stopped. Record in the Comments column of the clamp Excel spreadsheet if a Y connector is used for the D50 infusion. After this bolus the D20W rate should continue at 999 ml/hr. Be sure to change gloves between using the D50 and D20 to avoid any contamination which could impact the plasma glucose values. 
12. Once the plasma glucose concentration exceeds 450 mg/dL for at least 15 minutes (and a minimum of 30 minutes since completion of Stage 1 of the clamp) obtain the scheduled samples for laboratory measures for the pre-arginine period (scheduled at T= -5min and T= -1 min). The arginine infusion should begin in almost all cases by 45 minutes following the Stage 2 bolus even if achieved glucose is not above 450 mg/dl.
13. Restart the timer and administer the bolus of L-arginine. Arginine is administered as 5 g (50 mL) bolus by IV push over 60 seconds. Continue the D20 infusion. 
14. At 2, 3, 4, and 5 minutes after the bolus was started, samples are drawn for central lab measurements of glucose, insulin, and C-peptide. Bedside glucose measurements are not required during the arginine bolus sampling. The timer started at 0 minutes should be used to determine the timing of these blood samples.
a. The scheduled blood sampling following the arginine bolus is very frequent. Bedside glucose measurements on these samples are not required, and the focus is on obtaining the sample and flushing the line quickly in order to maintain the sampling schedule. The start of the blood draw should be at the scheduled time. Therefore the drawing of the waste should be initiated before the scheduled sample time.  

b. If a sample cannot be obtained within 30 seconds of the subsequent scheduled time, consider the sample missed and draw the next sample at its scheduled time. Always record the actual timer time when the drawing of the blood sample begins.  
15. Flush stopcock, line, and catheter with 3-5 mL sterile saline after each blood draw.

16. After the final post-arginine samples have been taken, provide a meal to the participant. The glucose infusion taper can begin before lunch arrives. Taper the glucose to off in the following steps over 90 minutes: 

a. Reduce the infusion rate by 50% from the maximal infusion rate every 15 minutes after completion of sampling at the end of Stage 2, until the rate approximates the rate achieved at the end of Stage 1 (Note: this should usually be done in 3 steps e.g., 999->450->220->110)
b. Next reduce the infusion rate by 33% every 15 minutes.
c. At approximately 60-90 minutes after the end of Stage 2, turn the glucose infusion off altogether. Run normal saline to keep line open.
17. After a further 30 minutes of observation, measure the plasma glucose (if using spun blood measured on a YSI or equivalent device) or blood glucose (if using a standard glucose meter) from the sampling line. If the plasma glucose remains above 80 mg/dL and there is no need for further IV treatments, both IV lines can be discontinued. Subjects with diabetes may be unable to spontaneously return to glucose values <200 mg/dL within the hour of observation following discontinuation of the glucose infusion. The local supervising physician (PI or delegate) should make an individualized treatment decision in these cases potentially including a check of urine glucose and ketones. 
18. When discontinuing an IV access site, remove the catheter and apply pressure to prevent bruising. Cover sites with a band aid or gauze and tape.

19. At the time of the post-study meal, participant can take their daily dose of study medicine if required. 
20. If at least ninety minutes have passed since beginning the taper, and the participant has eaten and has end-of-taper glucose values above 80 mg/dL, the participant may be discharged. All participants should be sent home with a snack, at a minimum a granola bar and peanut butter or string cheese or some other convenient mix of carbohydrates and protein.
Troubleshooting

The Excel spreadsheet contains a HELP! page (a tab on the bottom) that details some problems that may arise and some suggestions on how to deal with these. These may not provide every scenario; the local study staff should be consulted for problems that cannot be immediately solved. 

Glucose bolus explanation – Detailed formula

(TARGET (e.g.200) mg/dL – CURRENT mg/dl)*weight (kg)*1.1 dL/kg glucose space = mg glucose bolus

Glucose mg * 1/1000 g/mg * 1/(0.18 g/mL in D20W) = mL D20W to deliver 

Glucose infusion first estimate – Detailed formula:

Weight (kg) * 5 mg/(kg*min) * 60 min/hr * 1/1000 g/mg *1/ (0.18 g/mL) = mL/hr
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