University of California, Davis Medical Center

Department of Pathology, Hematology
LH780 Result Interpretation and Rechecks
Tech Procedure #1515.t


PURPOSE

This procedure establishes a standard format for evaluating and reporting BC, differential and reticulocyte results generated from the Beckman Coulter LH780 instrument.  Results will be reported by automated method except when results exceed established flagging criteria, defined in this document.  Exceptions may be made, on a case-by-case basis, determined by clinical need.  
The instruments flag abnormal specimens using a combination of instrument and user-defined flags.  This flagging identifies abnormalities in the CBC, differential, and reticulocyte count.  The presence of flags in any of these parameters mandates further investigation of abnormalities, which may include additional rechecks or examination of stained smears.  User-defined rules are incorporated in the Remisol middleware.
Some abnormalities, i.e. platelet clumps, low numbers of NRBCs, etc. may be missed, although this should be infrequent.

This procedure is to be used in conjunction with the following related procedures:

LH780 Procedure
Technical Procedure #1510.t

LH780 Automated Differential Review Procedure Technical Procedure #1516.t

Reporting Peripheral Blood Morphology
 Technical Procedure #1140.t

Pathology Review of Abn. Hematology Results Technical Procedure #1077.t

Beckman Coulter Remisol Technical Procedure #1530.t
      Reticulocytes by Manual Method, Technical Procedure 1241.t.
PROCEDURE

· Assay Specimens on LH780
· Run specimens according to LH780 Procedure #1510.

· Rerun specimens with suspected aspiration errors, which may be detected by low or high MCHC, delta checks, etc.

· Perform Rechecks/Interference Correction Procedures as needed.

· Review Scatterplots and Histograms

The reviewing CLS should be familiar with normal and abnormal scatterplots and histogram patterns for WBCs, RBCs, and PLTs.

Although instrument flagging is generally very reliable in identifying abnormal samples, the reviewing technologist should examine scatterplots and histograms critically to detect abnormal samples, even in the absence of flags.

Questionable results should be left unverified until resolved by appropriate rechecks.

· WBC Scatterplots

Normal WBC scatterplots show cell populations that are well separated and distinct, with little overlap between them.  Particles (red) scattering across the bottom of the scatterplot represent non-WBCs (NRBCs, PLT clumps, unlysed RBCs).  They are not included in the differential.  If they are large enough to encroach on the lymphocyte population, they will appear blue, which means they are included in the lymphocyte %.  The lymphocyte population should consist of a single cluster of cells.  A “split” lymphocyte population may indicate the presence of unlysed RBCs (as may be seen in neonates), or a secondary population of cells (immature mononuclear cells, small lymphs, or variant lymphs).  All atypical cell distribution patterns require a slide scan to verify the differential prior to reporting results. WBC scatterplots are best viewed, in color, on the Results and Graphics display where abnormal cell distribution patterns are most easily visible.

· WBC Histograms

The WBC histogram is used primarily to evaluate WBC interference.  Particles present above the 35 fl threshold are usually WBCs and the first peak (far left) usually consists of lymphocytes.  When non-WBC particles (i.e. NRBCs, platelet clumps, cryoproteins) are present, they frequently occur near the threshold, interfering with the typical pattern.  The LH780 recognizes the interferences and flags the specimen with a WBC R or Cellular Interference messages.

· RBC Histograms

Typical RBC histograms are Gaussian and reach the baseline on both sides.  Common interferences are from transfused RBCs (bimodal RBC pop) and schistocytes (elevated baseline on left side).

· Platelet Histograms

Platelet histograms are log-normal with the mode between 3 and 15 fl.

An elevated baseline on the right side may indicate interference from large platelets or platelet clumps which may cause the platelet count to be falsely low, or schistocytes, which may falsely elevate the platelet count.  Marked decreased MCV (less than 50 fl) will give an elevated baseline and false increase in Platelet count.
A mode that is less than 3 may indicate electrical interference or microbubbles.

Platelet histogram irregularities should be investigated by scanning a smear and performing a platelet estimate.

· Reticulocyte scatterplots

Reticulocyte scatterplots show a main RBC population with a comma-shaped scattering of reticulocytes spreading up and to the right of the RBCs.

Acceptable Retic Scatterplots show good separation of RBCs and reticulocytes

RBC inclusions such as Howell-Jolly bodies and pappenheimer bodies (seen in sickle cell anemia, thalassemia major, porphyria, etc.) may be counted as reticulocytes by the automated method therefore these results must be verified by slide scan (or manual retic) prior to reporting.

Identify patients having these types of inclusions using other information such as admitting diagnosis, previous and current CBC, Retic and Hemoglobin Analysis results.

· Review and Analyze CBC/Diff results:

Review Remisol middleware results screen for delta checks, comments, flags, codes, suspect messages and for abnormal histograms (even in the absence of flags).

REMEMBER:
 Always inspect histogram patterns and flags to detect clots and other abnormalities to ensure that misleading results are not reported.

IMPORTANT: Specimens without demographic information (age and gender) are flagged according to adult male criteria.  The CLS must determine the flags and appropriate follow-up manually.

· WBC less than 0.2 x103/ul.  The analyzer will report WBC=0.1 x 103/ul.  This is lower than the acceptable background for WBC, report as less than 0.2 x103/ul

· All WBC counts less than or equal to 1.0 x 103/ul  must  have a manual differential performed.
· “Cellular Interference – Do not report WBC prior to slide check.  Check for Clot, WBC Histo, Prev Results”

· Do not report WBC prior to checking the slide for interfering substances.

· Comment is triggered by Cellular Interference or Suspect: NRBC flags.  Check of WBC lower threshold (35 fL) failed.

· Check specimen with applicator sticks to rule out the presence of a clot.  Clotted specimens must be rejected for analysis and canceled according to laboratory protocol. Other indications of clotting may include:

· Aspiration errors

· Delta checks (especially a significant decrease in the platelet count).

· Excessive debris in the non-WBC area of the scatterplot.

· Inspect WBC Threshold Monitor on instrument printout

If a “ski slope” appearance is noted on the WBC curve, WBC and PLT results are suspect and neither should be filed prior to verifying accuracy by slide scan and performing manual counts if needed.  This may also indicate the presence of a cryoprotein.  Warming and rerunning the specimen may dissolve the cryoprotein.

· Corrected WBC vs. uncorrected WBC
The LH780 uses algorithms to “gate out” many interfering substances, including NRBCs that are less than 35 fl. Inspect a stained slide prior to reporting the WBC.  In rare circumstances there may be particles greater than 35 fl included in the WBC.  Do not change the WBC unless there is a clinically significant difference between the Coulter WBC and the slide estimate.  A manual WBC must be performed unless there is obvious and correctable NRBC interference.
· In the rare sample that a correction for large NRBCs is needed after smear review and WBC estimation:

a) Count NRBCs per 100 WBCs.

b) Calculate   uncorrected WBC x 100 = corrWBC
                    (100 + #NRBC’s)

· “Check for Clot, PLT Histo, Prev Results, Confirm PLT on Smear”

· Comment triggered by the Platelet Clumps and PLT R suspect flags.

· Check for evidence of clotting as previously described.

· Correlate with previous results.

· If clotting or PLT clumping is suspected, hold PLT count until a slide is examined.

· Vortexing specimen for 5 minutes may break up platelet agglutination due to EDTA-induced platelet clumping.
· “Check WBC (or PLT) Histo, Prev Results, Call Critical Value, Confirm on Slide” or “Rerun to Confirm H/H.  Call Critical Value”

· Comment triggered when result exceeds critical value limit, Critical Values and Rechecks, Table 1. 

· In addition, the result is flagged with cH (critical high) or cL (critical low) on the LH780 printout.

· Confirm WBC and PLT results by evaluating the histograms, checking previous results and examining a stained smear.  If results are consistent with earlier counts, they may be reported prior to slide confirmation.

· Confirm Critical HGB/HCT results by examining the blood and rerunning it to rule out aspiration error.

· Phone result to the MD, charge nurse or nurse for the patient, and document in the LIS, according to departmental policy.

·  “Rerun specimen for vote-outs (-----)”
· Comment triggered by vote-out of WBC, RBC or PLT.

· The apertures do not agree.

· Rerun specimen.  This will usually give a result.

· If there are repeated vote-outs on the same sample, look at individual aperture results as sometimes ++++ or clotted specimens will vote-out. Go to the results and graphics screen and click the CBC tab on the LH780 screen to view individual apertures.
· If there are vote-outs on multiple samples, possible causes include a plugged aperture or inadequate reagent delivery or mixing.

·  “Rerun specimen, Check for Cold Agglutinin/Lipemia/Icterus”

· Comment triggered when MCHC greater than 36.0 g/dl.

· Usually due to cold agglutinin, lipemia or icterus.

· Perform required rechecks according to detailed instructions in the appendix of this procedure.

· “Rerun, Spec Contamination? Check for Hi Glucose/Hypochromia”

· Comment triggered when MCHC less than 30 g/dl and MCV greater than 75 fl.

· May be due to high glucose (greater than 600 mg/dl), which causes spurious elevation in MCV due to osmotic swelling.

· Perform required rechecks according to detailed instruction in the appendix of this procedure

· “Report result adding canned text HLMCV”

· Comment triggered when MCV less than 50.0 fl.
· When MCV is less than 50 fl, cells less than 36 fl in size will not be included in any measurements.

· Canned text reads “Reported RBC, MCV, HCT, MCH, MCHC, and PLT may be incorrect due to low MCV.  Suggest monitoring HGB level, as low MCV does not interfere with its measurement.”

· Report HGB and WBC without canned text as they are not affected
· “Exceeds Linearity - Dilute and Rerun”

· Comment triggered when:

· WBC >300 
· RBC >8.00

· HGB >25.0

· PLT >3000  
· Dilute specimen with LH diluent or normal saline and rerun within 10 minutes.

· Multiply the result being rechecked by the dilution factor.
· Evaluate the accuracy of the dilution

· For WBC, HGB or PLT dilutions the diluted RBC count (corrected for the dilution factor) must match the original RBC count + 0.10.
· For RBC dilutions the diluted HGB (corrected for the dilution factor) must match the original HGB + 0.3
c) Results calculated with the original RBC (above linearity) must be recalculated.  Use MCV from the dilution and calculate the hematocrit.  Report corrected RBC, original hemoglobin, calculated hematocrit, dilution MCV, calculated MCH, and MCHC.
· Repeat dilutions that do not match.

· Do not report differentials from diluted specimens as they give erroneous differential results.

· “High WBC”
· Comment triggered when WBC >140.

· Perform required rechecks according to detailed instructions in the appendix of this procedure.

· “Rerun next sample, Check for carryover”

· Comment triggered when WBC >300 or PLT >1500.

· Incorrect results can occur due to carryover.  Rerun the sample immediately following the abnormal sample.

·  “Path Rev if initial finding”

· Comment triggered when result exceeds Pathology Review Criteria Pathology Review of Abnormal Hematology Results, Technical Procedure #1077.t
· Result flagged with aH (action high) or aL (action low) on the instrument printout.

· Determine if previously reviewed.

· Perform an inquiry on the F/S field, Path Rev field, or the individual result.  

· If previously reviewed, place P in the F/S field.  Do not flag for the exception report.

·  “Confirm PLT on smear, Path Rev if initial finding”

· Comment triggered when PLT counts exceed path review criteria

· Result flagged with aH (action high) or aL (action low) on the instrument printout

· Scan smear to verify platelet count, when indicated.

· If initial finding, send a slide for Path Rev.
· “Check for Flag - If PC1/FC, Rerun. If PC2, Do Manual Diff”

· Comment triggered by FC, PC1, or PC2 displayed on the y-axis of the scatterplot.  Applies to CBCs only.

· FC (Full Clog in Flow Cell)

d) Rerun specimen

e) Most FCs resolve themselves on rerunning

f) For repetitive clogs, see Help “Clearing Clogged Flow Cell” (F44 and F45 up to 5 times each to clear clog, followed by F46 ONCE if needed)

g) If clog is not cleared by this procedure, contact supervisor or Beckman Coulter service for assistance.

· PC1 (Partial Clog 1)

h) Occurs when cells are not being counted in the flow cell fast enough, indicating a possible clog.

i) May occur on very low WBC counts.

j) Rerun specimen

k) If PC1 occurs again, make slide and do manual diff.

· PC2 (Partial Clog 2)

l) Not actually due to a clog, this flag occurs when cells are being counted in the flow cell too quickly, usually due to unlysed RBCs (i.e. marked target cells)
m) This condition can be due to some substance (i.e. bilirubin) that inhibits the Erythrolyse/Stabilyse chemical reaction.

n) Since the problem is inherent in the specimen, there is no point in repeating it; make slide and perform a manual differential.

· “Rerun, and/or Scan Diff for Basophils”

· Applicable to CBC/Diff orders only.

· Comment triggered when BA Absolute # greater than or equal to 0.2
· Result flagged with aH (action high) on the instrument printout.

· Specimen should automatically rerun.

· If basophilia persists, do not verify automated differential.  Send slide for technologist review/manual differential.

· “Scan Diff for Blasts, Var Lymphs, Immature WBCs”

· Applicable to CBC/Diff orders only.

· Comment triggered when results exceed Flagging Criteria for Automated Differentials and Retics, Table 2.

· Result flagged with aH (action high) or aL (action low) on the instrument printout.

· Do not verify automated differential. Send slide for CLS review.

· “Scan Diff and Path Rev if initial finding”

· Comment triggered when absolute differential counts exceed Flagging Criteria for Automated Differentials and Retics, Table 2.

· Do not verify automated differential. Send slide for CLS review prior to filing and submitting for Path Review.

· “Scan RBC Morph”

· Applicable to CBC/Diff orders only.

· Comment triggered by:

· Dimorphic Reds

· Micro/Fragmented Reds

· RBC interference

· Red Cell Agglutination
· Verify CBC and ensure that slide is made and sent for CLS review.

· “Scan Retic Smear or Manual Retic”

· Comment triggered by:

· Abnormal Retic Pattern (i.e. Pyruvate-Kinase deficiency shows marked reticulocytosis such that the LH780 incorrectly identifies RBC and Retic populations)

· RET Interference flag

· Verify Retic flag

· RET% greater than 30%

· Prepare manual retic smear according to Reticulocytes by Manual Method, Technical Procedure 1241.t.
· Scan retic smear looking for RBC inclusions that may interfere with count.

· If automated reticulocyte count appears correct based on the scan, it may be reported.  Otherwise, perform a manual reticulocyte count.

· “Rerun Specimen”

· Comment triggered by system alarm and Laser Offset High is displayed on the Beckman Coulter monitor.

· Rerun the specimen.

· “Check for clot or QNS”

· Comment triggered by Part. Asp. Flag.

· Check specimen for clots and for insufficient sample.  Cancel if necessary.
· Rerun if no clot and sufficient sample.

· “Edit Barcode and Retransmit or Rerun Specimen”

· Comment triggered when the LIS barcode is not read.

· Try to locate specimen and rerun.  If unable to locate specimen, must pull an outstanding report to find specimen.
· Review and Report Results:
· Results will be filed in Remisol middleware

· Evaluate the histogram and scatterplot

· Highlight and thumbs up appropriate results to be verified in the LIS
· Compare LIS results to those from the printout or Remisol.

· Investigate delta checks by:

· Checking specimen labels for correct patient ID.

· Comparing with previous and associated sets of results such as RBC indices, blood type, transfusion history, diagnosis, chemistries, etc. to determine if the change is clinically explainable.

· Communicate directly with phlebotomist/RN regarding the method of blood draw.

· Communicate with the patient’s doctor or nurse if you suspect a sample ID or integrity problem.  Cancel samples if the doctor or nurse requests.
· Document findings in LIS with internal comment (@ symbol before each line entered)

COMMENTS:

· After rechecks, place an internal comment next to the parameter. i.e.@ verified by semi-automated methods

· If a verified result is found to be incorrect, an amended report MUST be phoned to the patient's doctor or charge nurse, documented in the computer report, and a copy given to the Supervisor with a brief description of the circumstances.

NOTE:
Verified results are immediately available for review by clinicians; therefore changes to ALL verified results must be phoned and documented.

Appendix 1

CBC Correction Methods
Each interfering substance generates a typical pattern of blood count results, which are recognizable to the CLS.  The CLS formulates a hypothesis for the cause of the abnormal pattern, performs the appropriate correction method and analyzes the results to see if the expected changes, and only the expected changes, occur.  Failure to perform this analytical step may result in erroneous results.
For example, a high MCHC can be caused by lipemia or by a cold agglutinin.  If the technologist suspects lipemia and the patient actually has a cold agglutinin, performing the Indices Correction Method may appear to generate correct results but, because the original RBC was incorrect, the hemoglobin calculation will also be incorrect.  Monitoring the MCV can prevent this.  If the original problem was due to lipemia, the MCV will not change when doing the correction method.  If it was due to a cold agglutinin, the MCV will decrease.  In this case, the proper correction method is to warm the specimen to 370 C and rerun.

· High WBC

When the WBC count exceeds 140 K/ul the HGB is falsely increased due to increased turbidity and the RBC count and the MCV are falsely increased because WBCs (whose number is usually insignificant) are counted along with the RBCs.  The HCT, MCH, and MCHC are incorrect because they are calculated from directly measured parameters that are incorrect.  The platelet count may or may not be affected depending on whether or not there are significant numbers of WBC cytoplasmic fragments present.  The following methods of correction are acceptable.

· WBC correction 
· For WBCs above linearity of 300 K, prepare a minimal dilution with saline or LH diluent to bring the WBC result below 300 K.

· Cycle the diluted sample within 10 minutes of preparation.

· Multiply the result by the dilution factor to obtain the WBC.

· The reported RBC count is automatically corrected when the WBC >140 K.  Only for WBC counts > 300 K is manipulation required.  Calculate the true corrected RBC ((trueRBC=cRBC + (original WBC) – (correct value from dilution WBC)).  This is the reported correct RBC.   Use this value to monitor the accuracy of the WBC dilution.

IMPORTANT: Monitor the accuracy of the dilution by comparing the diluted RBC count (times the dilution factor) with the true corrected RBC count.  They must match within + 0.10M./ul.
· Do not report the differential from the dilution as it may be inaccurate.

·  NRBC is corrected only in rare cases 
· NRBCs are excluded from WBC count on LH780.  Only correct the WBC for the rare sample where the WBC estimate is marked lower than the corrected WBC count.  This happens when there is a marked number of large NRBC’s (greater than 35 fl) present.
WBC (corr) =
WBC(uncorr) x 100
100 + NRBC

· The RBC count is automatically corrected for the high WBC count when the WBC count is > 140K.  The printed RBC is the true correct and reported value.  Only manipulate the RBC count when the WBC count is >300K.
· Pump and Dump (HGB, HCT, MCV, MCH, MCHC & RDW correction) performed when WBC > 140K.
· Centrifuge an aliquot of sample and centrifuge.
· Using a pasteur pipette, go beneath the buffy coat and remove red cells that are not mixed with WBCs.

· Place several drops of packed RBCs in a clean tube.

· Add approximately the same amount of saline; mix well.

· Cycle the sample as soon as possible but within 10 minutes of dilution.

· The WBC count must be under 100K for the correction to be accurate.  The MCV, MCH, and RDW results from this pump and dump sample are correct.  Recalculate the MCHC after the correct HGB and HCT results are obtained.  This must match the MCHC from the pump and dump sample.
· Use the following formula to calculate the correct HGB result:

HGB=MCH(pump and dump) x RBC (true correct)
10

· Use the following formula to calculate the correct HCT result:

HCT=MCV(pump and dump) x RBC (true correct)

10

If unable to perform this method due to small sample size or other technical problems, report the parameters that have been rechecked, omit the rest and place an explanation in the results comments section. 

· PLT verification
· Check the platelet histogram for possible interference (an R flag by the PLT).

· Examine a stained smear for WBC cytoplasmic fragments and perform a platelet estimate.

· If the platelet estimate agrees with the automated count it may be reported.

· If the estimate does not agree, obtain the correct platelet count by performing a phase contrast hemocytometer count.

· Abnormal MCHC (high or low)

Several interfering substances can cause an abnormally high or low MCHC.  Since the MCHC is calculated from the RBC count, the HGB and the MCV, interferences in any one of these parameters will cause error in the MCHC.  It is important to determine the cause of the error in MCHC in order to apply the appropriate correction method.  Listed in order of most common occurrence, the interfering substances are:

· Lipemia and icterus cause a falsely increased HGB and MCHC.

· Cold agglutinins cause a falsely decreased RBC and a falsely increased MCV resulting in a falsely increased MCHC.

· Spherocytes cause a truly increased MCHC.

· Hemolysis causes a high MCHC due to a decreased RBC count.

· Lyse-resistant RBCs (RBCs containing HGB F and HGB S) cause a falsely increased HGB and MCHC.

· Hyperglycemia causes a falsely increased MCV and HCT and a falsely decreased MCHC.

	What is Affected?

	 
	WBC
	RBC
	HGB
	HCT
	MCV
	MCH
	MCHC
	PLT

	Cold Agglutinin
	 
	decreased
	 
	decreased
	increased
	 
	increased
	 

	Lipemia
	 
	 
	increased
	 
	 
	increased
	increased
	 

	Icterus
	 
	 
	increased
	 
	 
	increased
	increased
	 

	Cryoproteins
	increased
	 
	 
	 
	 
	 
	 
	 

	Platelet Clumps
	increased
	 
	 
	 
	 
	 
	 
	decreased

	High WBC>100
	 
	increased
	increased
	increased
	increased
	 
	 
	 

	Hemolysis in Vivo
	 
	 
	increased
	 
	 
	increased
	increased
	 

	Hemolysis in Vitro
	 
	decreased
	 
	decreased
	 
	increased
	increased
	 

	Schistocytes
	 
	 
	 
	 
	 
	 
	 
	increased

	High Glucose >600
	 
	 
	 
	increased
	increased
	 
	decreased
	 

	Spherocytes
	 
	 
	 
	 
	 
	 
	increased
	 

	Lyse resistant HGB
	 
	 
	increased
	 
	 
	 
	increased
	 


· Pump and Dump (Indices Correction Method for Lipemia/Icterus)
· The HGB will be falsely increased.

· Centrifuge an aliquot of sample and spin in Stat Centrifuge.  Lipemia or icterus should be evident.

· Remove plasma.
· Add approximately the same amount of saline or LH diluent; mix well.

· Cycle the sample within 10 minutes of dilution.

· The MCH, and RDW results from the pump and dump sample are correct.   The MCV must match the original sample +2.0 fl
IMPORTANT: Compare the new MCV with the original MCV.  If it changes more than 2.0 fl after performing this correction, there may also be a cold agglutinin present and the original RBC count may not be correct.  Warm the specimen to 370 C and inspect the results.  If a cold agglutinin is present, the RBC should increase, the MCV should decrease, and the HGB should be the same.  If so, use the warmed RBC count in the next step.

· Use the following formula to calculate the correct HGB result:

HGB = MCH (pump and dump) x RBC (original)
10

· Recalculate the MCHC after the correct HGB is obtained.  


· Quantitative Saline Replacement Method for correction of Lipemia/Icterus
·  To an aliquot of sample add 2 ml of saline or LH diluent. Centrifuge the mixture.  Lipemia or icterus should be evident.

· Quantitatively, remove 2 ml of plasma.
· Mix specimen thoroughly but rapidly and rerun.

· Verify the accuracy of the replacement by comparing the original and replacement RBC values which should agree + 0.10 M/uL

· Report RBC, MCV, HGB, HCT, indices and RDW obtained by this method.  The WBC and PLT counts are not valid from this aliquot.

· Cold Agglutinins

Cold agglutinins should be suspected whenever there is a high MCHC accompanied by a relatively low RBC count and relatively high MCV.  As RBCs agglutinate, the count is falsely decreased and the MCV is falsely increased.  Since the HCT is computed by multiplying the RBC times the MCV, the HCT is falsely decreased and the MCH and MCHC are falsely increased.  Usually the MCV will be >100.0 fl. but it may also be in the normal range.  Agglutination may be confirmed quickly by placing a drop of blood into a test tube and placing it in the cold (refrigerator, ice bath, cold water) for a minute or two.  Remove the tube, and rotate it so that a film of blood coats the inside of the tube.  If agglutination is present, it can be seen macroscopically.

· Pre-Warming Method to Correct for Cold Agglutinins

· Place the tube in a 370 centigrade heat block or waterbath for 15 minutes.

· Mix well and rerun immediately, before the tube has a chance to cool down.

· Make a new slide with the warmed blood, if needed.

· Correction is indicated if the RBC count goes up, the MCV goes down and the MCHC is normalized.  The RBC changes are usually greater than the MCV changes.  If the MCV does not change by more than 2.0 fl the high MCHC is NOT due to a cold agglutinin and must be further investigated.

· Some specimens may require additional incubation time, warm saline replacement, or maintenance of the collection tube at 370 C to correct for cold agglutinins.

· Report the results from the pre-warmed specimen with the canned text HCOLD
· Warm Saline Replacement Method to Correct for Cold Agglutinins

· Pre-warm specimen and 2-4 mL saline separately at 370 C for 15-30 minutes.

· To a warm aliquot of sample add 2 ml warm saline.  Mix, then spin. 
· Quantitatively, remove 2 ml of plasma.
· Warm aliquot for at least 5 minutes more.
· Mix specimen thoroughly but rapidly and rerun.

· Verify the accuracy of the replacement by comparing the hemoglobin values which should agree + 0.3 g/dL

· Spherocytosis
Spherocytes have a lower surface to volume ratio than normal cells and thus have a true high MCHC.  Spherocytes are detected by looking at a stained blood smear.  When spherocytes are the cause of the high MCHC, report the high MCHC with the comment “unable to correct due to spherocytes” attached.
· Hemolysis
Hemolysis should be suspected when the MCHC is increased and the plasma has a pink to red color when the specimen is centrifuged.

In-vitro hemolysis most commonly occurs during traumatic venipuncture but may also be caused by exposure of specimen to extremes in temperature (cold or heat) or other mechanical trauma (excessive vigorous mixing).  If in-vitro hemolysis is present, the specimen should be rejected and cancelled according to laboratory policy.

In-vivo hemolysis is rare but should be suspected when hemolysis is present in multiple venipuncture specimens and when other clinical findings support this hypothesis.  In-vivo hemolysis is seen with patients on ECMO therapy.  If in-vivo hemolysis is present, all results except the MCH and MCHC, which do not reflect the true RBC indices, are correct and may be reported.

· Lyse-Resistant Hemoglobins
Lyse-resistant hemoglobins should be suspected when there is a high MCHC and no lipemia, icterus, cold agglutinins, spherocytosis or hemolysis detected.  Hemoglobins F (neonates), S (sickle cells) and C (associated with marked target cells), are resistant to lysis in the short time that the diluted blood is present in the hemoglobin cuvette.

· Correction Method

· Dilute an aliquot of blood with an equal volume of water

· Wait for 10 minutes and rerun, and multiplying the HGB result by 2 and recalculating the indices. HGB, MCH and MCHC should decrease.

· Hyperglycemia

High glucose (>600 mg/dl) present in a specimen causes osmotic swelling of the RBCs, a falsely elevated MCV and HCT and a falsely decreased MCHC.  The RBC count is not affected. This can occur when there is a high glucose level due to diabetes mellitus or when the blood sample is drawn above an IV containing glucose

Rule out specimen contamination by reviewing previous results, chemistry results from the same draw (sodium, chloride, glucose), or inquiring about the method of venipuncture. . If contamination is established, the specimen must be rejected

· Correction Method 

· To an aliquot of blood, add a large volume of saline and wait for 5 minutes.

· Spin down and remove the plasma-saline mixture.

· Add sufficient saline so that the sample has a HCT of about 35-45%; mix well.

· Cycle the sample immediately.  The MCV should go down and the MCHC should go up.  If this does not occur, the low MCHC is not due to hyperglycemia.

· The MCV, MCH, MCHC and RDW results from this sample are correct.

· The original HGB result is correct.

· Use the following formula to calculate the correct HCT result.

HCT = MCV(pump and dump) x RBC (original)
10

Cryoproteins are abnormal plasma proteins (cryoglobulin/cryofibrinogen) that precipitate at room temperature, causing falsely increased WBC and/or PLT values without affecting the red cell parameters.  They may be suspected on specimens with a Cellular Interference Flag, or a ski slope WBC histogram.  The WBC and/or PLT estimate may appear significantly lower than the automated count.  The precipitate may be seen in the background of stained slides examined without immersion oil.  This interference is sometimes reversible upon warming the specimen to 370 C.  If warming does not fully dissolve the cryoproteins, results may be obtained by manual methods.
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