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CHAPTER 3

Limitations

Introduction

Flow cytometric analysis can be effectively applied to the 

interrogation of a multitude of cell populations from a 

variety of tissues. We almost take for granted, for exam-

ple, the ability of flow to assign lineages in acute leukae-

mias and lymphoproliferative disorders, even when the 

most experienced morphologist is struggling to define a 

disorder according to the light microscopic characteris-

tics of cell anatomy. We will see multiple useful applications 

throughout this text in neoplastic, but also importantly, in 

non-neoplastic disorders.

Flow cytometry has been described as ‘A biomedical 

platform offering diagnostic diversity’[1]. This diversity 

of application can only be effectively made in the full knowl-

edge of patient circumstances, however. The design of 

the  referral form and the data supplied is therefore of 

utmost importance and should gather all relevant clinical 

information that might direct intelligent use of the flow 

cytometer. Furthermore, before this fascinating technol-

ogy can be applied reliably and effectively, it is important 

to be aware of its limitations. This applies to any technol-

ogy no matter how incisive its diagnostic capacity. In this 

chapter we aim to outline such limits and urge readers to 

consider these caveats at every opportunity.

Clinical context issues

As noted in the introduction, we cannot give adequate 

emphasis to the importance of some knowledge of the 

clinical context in which flow might be usefully applied. 

Most flow laboratories, in addition to serving busy on-site 

haemato-oncology units, act as reference laboratories 

and may not have access to important clinical and labora-

tory background data pertaining to patients from other 

hospitals. We often receive samples of blood or bone 

 marrow with a request for ‘flow cytometry please’. But 

which cell population might we analyse? Are we looking 

for blasts in peripheral blood in a pancytopenic patient or 

should PNH be considered as a possible diagnosis? Are 

those small compact cells without granules or features of 

differentiation exfoliating lymphoma cells or M0 type 

myeloblasts? Should we be gating for blasts using CD45dim 

or CD34, for lymphocytes using CD2 versus CD19, 

plasma cells using CD38 and CD138, granulocytes using 

CD15 and SSC, or even mast cells using CD117? Many 

of these samples require morphological review and/or a 

discussion with the referring clinician if flow studies are 

to be applied cost-effectively and for maximal diagnostic 

reward. We should not forget that this is expensive 

 technology and to run multiple panels as a process of 

exclusion is neither desirable nor economically sound.

Sampling issues

Blood
Peripheral blood samples are a perfect medium for 

flow cytometric analysis and the potential information so 

acquired will be illustrated in subsequent chapters. It is of 

utmost importance that samples are delivered fresh to the 

laboratory. Even with appropriate storage at 4 °C, samples 

do deteriorate, though much more slowly than if kept 

at  room temperature. Natural cell death of leucocytes 

becomes particularly evident after 48 hours and appears 

to be influenced by the nature of anticoagulant used. 

Blood for FBC analysis, and subsequent flow, is com-

monly taken into ethylenediamenetetra acetic acid (EDTA) 

as modern automated analysers are comfortable with this 
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anticoagulant. Granulocytes start to show apoptosis at six 

hours when incubated in EDTA, whilst heparin appears 

to delay this process significantly and is thus a preferred 

anticoagulant [2]. Dead and dying cells can lose antigens, 

change their light scatter properties (see below) and tend 

to adsorb antibody non-specifically. Paroxysmal nocturnal 

haemoglobinuria (PNH) screening, for example, is depend-

ent on specimen age. CD16 expression on granulocytes 

in particular, is progressively lost in ageing pre-apoptotic 

cells [3]. For this reason old samples (>48 hours, or  earlier 

if not stored at 4 °C) should not be analysed as the results 

can be misleading. Although sample storage at 4 °C pro-

tects from apoptosis, it is still advisable to allow samples 

to warm to room temperature before analysis, in order to 

optimize antibody binding.

Changes in cell morphology as a result of ageing and 

apoptosis also influence their behaviour in terms of FSC/

SSC properties. Early apoptotic cells shrink and show 

reduced FSC/SSC, so moving them toward the lympho-

cyte zone, whilst late apoptosis causes cell swelling with 

increased FSC such that they encroach on the monocyte 

zone [4]. In fact, flow cytometry itself can be a useful tool 

in the identification of apoptosis by means of identifying 

cell surface phosphatidyl serine exposure through binding 

to annexin V (a natural ligand) linked to a fluorochrome. 

This is a useful means of assessing cell viability [4], in 

transported specimens, for example, before definitive 

diagnostic studies are started.

Debris from dead cells, free nuclei and cytoplasmic 

stroma need to be identified and gated out as this mate-

rial has a tendency for non-specific antibody adsorp-

tion. Activated platelets like to adhere to neutrophils 

and monocytes and it is important to be aware of this 

phenomenon (Figure 3.1). Thorough cell washing prior 

to analysis is likely to minimize platelet adherence.

Peripheral blood, however, often gives ‘clean results’ as 

the sampling difficulties pertaining to bone marrow (dis-

cussed below) do not apply. Furthermore there is little or 

no contamination with nucleated red cell precursors and 

the normal mature cell populations are very distinct. In 

pathological states the cells available for analysis in blood 

are determined by the behaviour of the disease. Endless 

searches for abnormal populations might be fruitless 

when the true disease population resides purely in the 

bone marrow.

Bone marrow aspirates
A good quality aspirate sample is critical to the diagnosis 

of bone marrow disorders, in particular, the acute leukae-

mias. The quality of a bone marrow aspirate is undoubtedly 
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Figure 3.1 Activated platelets adhering to lymphocytes, monocytes and neutrophils (left to right on CD61/SSC plot), which in turn 
bind anti-CD61 causing apparent positive events. It is important to exclude non-specific platelet adsorption when considering any 
leucocyte population that might be expressing CD41 or CD61. Back gating confirms that all three lineages are adsorbing platelets  
(FSC/SSC plot).
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operator dependent to some extent, but more impor-

tantly the sample quality in terms of available particles 

and cellularity is clearly influenced by the underlying 

 disease process itself. At the worst extreme the aspirate is 

dry so yielding no analysable material. We must be alert 

to disease processes which generate bone marrow fibrosis 

as this leads to hypoparticulate aspirates and hypocellular 

specimens. The samples so acquired may not be repre-

sentative of the bone marrow disease process. Aspirates 

submitted for flow analysis, therefore, always need mor-

phological review. In some leukaemic disease states with 

bone marrow fibrosis (such as acute megakaryoblastic 

leukaemia) the peripheral blood blast count may appear 

similar to that in the bone marrow due to haemodilution 

of non-representative acellular marrow aspirates. Further-

more, acute leukaemias should not be discounted on the 

basis of blood dilute aspirates showing blast populations 

of less than 20%. The classification and prognosis of 

the myelodysplastic syndromes, for example, relies on the 

accurate assessment of bone marrow blasts. Blood dilute 

aspirates can be misleading in this situation. A good qual-

ity bone marrow trephine, with appropriate immunocy-

tochemistry studies, can be very informative in these 

scenarios and circumvents this problem. This point is 

also relevant to marrow aspirates submitted for remission 

status assessment following treatment for acute leukaemia. 

It is clear that a blood dilute aspirate cannot inform the 

true marrow remission status of the patient. We also tend 

to assume, wrongly, that similar hypocellular specimens 

sent for cytogenetic analysis show encouraging results 

when the original informative translocation or deletion is 

no longer evident. Similarly, marrow aspirates taken too 

early after remission induction for acute leukaemia, are 

often hypocellular, blood dilute and non-informative 

unless part of a well-controlled MRD assessment pro-

gramme (see Chapter 9).

Paradoxically, a packed bone marrow with maximal 

involvement by acute leukaemia and without significant 

fibrosis, can also yield hypocellular aspirates. This phe-

nomenon also needs to be considered in the context of 

flow diagnosis. The relatively few cells acquired, however, 

are invariably blast cells, a situation that is eminently 

well-characterized using flow studies.

Some eloquent studies have demonstrated quite clearly 

that the cellularity, blast proportions and quality of 

bone marrow aspirates are significantly affected by blood 

dilution and that this is a common phenomenon [5, 6]. 

Blood dilution is more evident when large volume aspi-

rates are attempted or when multiple aliquots are taken 

from the same puncture. In other words, the volume of 

an aspirate is inversely proportional to its purity and so 

the best quality aspirate is likely to be acquired in a quick 

single draw of less than 3 mL. It is also possible to correct 

an aspirate blast count by accounting for peripheral blood 

dilution by comparing blood and aspirate populations 

of CD16bright neutrophils. Interestingly, in one study the 

most representative blast counts were achieved by run-

ning flow on disaggregated trephine specimens – these 

were always higher than the aspirates, which are inevitably 

affected by blood dilution [5]. It may be useful to develop 

departmental protocols for flow analysis of disaggregated 

trephines, particularly in patients with dry or very blood 

dilute aspirate specimens [7, 8].

A bone marrow aspirate may not be truly representa-

tive of bone marrow composition in other situations, 

 particularly where the disease process generates reticulin 

deposition. Conditions such as Hodgkin and non-Hodgkin 

lymphoma, mast cell disorders and non-haemopoietic 

tumours all frequently generate reticulin fibrosis at the 

sites of disease. Aspiration preferentially removes the 

interstitial normal cells/particles and tends to leave 

the diseased cell foci in situ. The large B-cell lymphomas 

can be difficult to identify using flow; they generate 

 marrow fibrosis, appear fragile on aspiration and show 

 frequent apoptosis [9]. The authors have recently encoun-

tered a young patient with pancytopenia due to bone 

marrow involvement by diffuse large B-cell lymphoma. 

Repeated hypocellular aspirate specimens were submit-

ted but we failed to clearly identify the disease population 

in any  of  them. The bone marrow trephine showed 

almost complete replacement by disease, and immuno-

histochemistry studies confirmed the diagnosis.

Also of note is that marrow samples are subject to 

 varying degrees of erythrocyte precursor loss during the 

red cell lysis stage using ammonium chloride. Early red 

cell precursors sometimes survive this process, whilst 

later forms are often lost. Morphologically, bone marrow 

blasts are currently estimated as a percentage of nucleated 

cells; using flow the assessable cell population is different 

due to loss of erythroid progenitors, so this is another 

source of confusion when flow and morphological blast 

population estimates are compared. Finally, prompt 

transport of marrow aspirates is always necessary as cells 

do deteriorate and die. In some cases this cell death 
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appears more prominent in the malignant blast popula-

tion and as non-viable cells are often gated out this can be 

a further source of error in estimating blasts (Figure 3.2).

Effusions
Pleural, pericardial and peritoneal effusions can all be 

analysed by flow cytometry and can sometimes be the 

most easily accessed material for potentially identifying 

a  malignant population [10]. These samples are often 

highly proteinaceous, with prominent debris from dead 

cells together with reactive lymphocytic and monocyte 

populations as well as exfoliating mesothelial cells. In 

some cases the abnormal cell population is very obvious, 

but in others it may be less so, with only small numbers 

of malignant cells present. Furthermore, malignant cells 

may adhere to serous linings rather than being released 

into the fluid space. Normal epithelial cells from men-

strual shedding can be detected in peritoneal fluid in 

some situations, and such non-haemopoietic cells should 

not be misinterpreted as being malignant. In these situa-

tions the operator has to look past this ‘noise’ and be 

aware of these caveats when searching for a possible 

clonal population.

A good clinical example highlighting some of the 

above issues is T-lymphoblastic lymphoma. The cortical 

subtype in particular often presents with a mediastinal 

mass and pleural or pericardial effusions due to direct 

disease involvement. These fluid specimens are a useful 

diagnostic resource but are subject to early cell death with 

the accumulation of cytoplasmic and nuclear debris. 

Figure  3.3 shows a stained cytospin of pericardial fluid 

from an eight-year-old female presenting as described 

above.

Cerebrospinal fluid
Cerebrospinal fluid (CSF) analysis can pose a number of 

potential pitfalls. Cell numbers in CSF, even in disease 

states, are relatively low compared to media like blood 

and bone marrow [11]. This means that large volumes 

of  fluid may need to be processed in order to capture 

 sufficient events to be confident that a disease population 

is present or absent [12]. In addition, there is no real 

 consensus as to how many cells/events should analysed 

and particularly how many abnormal events in a cluster 

are significant. A reasonable postulate is that >25 events 

is positive, 10–25 events is suspicious and <10 events 

is  negative [13]. In order to capture sufficient events 

large volumes of CSF (>10 mL) may be necessary [14], 

but these can be difficult to acquire without access to 

a reservoir and can generate post-procedure headache. 

Cerebrospinal fluid samples also need rapid processing 

in  the absence of a fixing procedure as cells deteriorate 

rapidly; there may also be differential cell loss according 

to lineage [15]. Furthermore, a negative result does not 

exclude malignant meningitis and repeat sampling may be 

necessary in some cases with a high index of suspicion [14]. 

If the nature of the potential neoplasm is not known it is 

easy to use up the specimen before the potential  disease 

Figure 3.2 Note the prominent apoptosis of cells (likely blasts) within this old marrow specimen.
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population is clearly confirmed. The use of four or 

six  colour flow utilizing multiple antibodies in a single 

tube is clearly of value in assessing small samples of low 

cellularity [16–18]. Cytospin preparations cause cell 

 distortion and artefactual changes that may hamper 

 morphologic guidance in this respect (Figure 3.4).

Finally, peripheral blood contamination of CSF due 

to  traumatic taps can lead to potential confusion. The 
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Figure 3.3 Note the background staining in this proteinaceous 
fluid and the cell debris generated from apoptosis and premature 
cell death of T-lymphoblastic lymphoma cells in pleural fluid. Flow 
cytometry generated an unequivocal diagnosis by gating on the red 
events in the scatter plot. It is important to exclude cell debris and 

free nuclei (black events) as this material can show non-specific 
antibody binding and, of course, may fail to bind antibodies 
directed at membrane antigens. Careful gating is necessary to 
generate ‘clean’ results which accurately profile the intact disease 
cells in such specimens.
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presence of red cells in CSF is the result of true CSF/

CNS bleeding or blood contamination. The latter is 

 normally evident when CNS haemorrhage is not 

expected from the clinical scenario and erythrocytes are 

prominent in the sample (>10 erythrocytes/microlitre). 

The CSF leucocyte count can be adjusted using a cor-

rection according to the peripheral blood leucocyte:ery-

throcyte ratio,  normally in  the region of 1:500. This is 

parti cularly important in patients undergoing CSF 

exami nation who have a high neoplastic peripheral 

 leucocyte count [19].

Regenerating bone marrows
The regenerating bone marrow represents a complex 

physiological environment that is gradually overcoming 

the insult posed by drugs, malnutrition, metabolic disor-

der, alcohol, toxins, sepsis, primary or secondary marrow 

diseases, chemotherapy or radiotherapy. Marrow interpre-

tation therefore needs careful thought, particularly with 

regard to flow cytometric parameters. One must carefully 

consider the potential effects of GCSF, sepsis and viral 

infection (to name but a few) on the immunophenotype, 

morphology and cell distribution of blood and marrow 

samples. Haematogones (normal B-cell  progenitors) are 

always present in healthy regenerating marrow and this 

physiological normal population should not be misinter-

preted, particularly in patients with a  history of acute 

lymphoblastic leukaemia. Finally,  monocytes are often 

prominent as part of the physiological response in 

 regenerating bone marrow. Their  presence is often 

 reassuring but in the context of a primary monocytic/

monoblastic neoplasm it is important to pay careful 

 attention to morphology and normal lineage recovery 

alongside a review of the malignant cell immunopheno-

type/aberrancy and in particular fluorescence intensity 

of  any relevant expressed antigen. All this data needs 

 contemplation in relation to antigen MFI for  normal mono-

cyte populations in the experience of that laboratory.

Technical issues

Operator training
Modern flow cytometers are complex instruments. 

Clearly, adequate operator training is essential in terms 

of  producing reliable results. Aside from peripheral 

blood, the diagnostic material under scrutiny is not 

 easily acquired, so careful handling is of paramount 

importance. Guidelines on training have therefore been 

welcomed in this respect [20]. The experience of the 

cytometrist is also important in analysing and present-

ing data for interpretation: the recognition of two lym-

phoid populations according to CD19 MFI, identifying 

light chain restriction in a small B-cell population and 

consideration of a precursor B-cell clone lacking sIg 

are just a  few of many examples. The presentation of 

Figure 3.4 The morphological features of cells in CSF are distorted due to their location in a hypotonic milieu and by the cytospin preparation 
process. Morphological clues to the cell of origin may be lost. (a) Diffuse large B-cell lymphoma. (b) Mantle cell lymphoma.

(a) (b)
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printed plots can often be informative in circumstances 

where standard percentage positive result summaries 

might be deceptive (Figure 3.5).

Even the best-trained operator is subject to human 

error. With the simultaneous use of increasing numbers 

of antibodies in a single tube there is always a possibility 

for antibody omission, pipetting the wrong antibody or 

mislabelling of tubes (Table 3.1). Cell suspension and 

antibody volumes are small so the omission of one or 

other may not be immediately apparent.

An error may be obvious when analysing peripheral 

blood where, for example, CD8+ cells are surprisingly 

absent; it may not be obvious in circumstances of 

 aberrant antigen expression such as CD7 positivity in 

acute myeloid leukaemia. The safest approach to 

this scenario is that if unexpected positivity or negativity 

is encountered, the test should be repeated for 

 confirmation.

The choice of optimal gating strategy also requires 

considerable experience and some knowledge of the 

working diagnosis. As noted above, results are likely to be 

erroneous if an inappropriate panel is run. Similarly, the 

choice of gating can influence the presented data. For 

example, gating on CD34 versus SSC is a commonly used 

and viable approach in suspected acute myeloid leukae-

mia. In acute myelomonocytic leukaemias, not only is 

there a CD34 positive myeloblast line but also frequently a 

CD34 negative monocytic lineage blast population. Use of 

CD34 gating alone will lead to an underestimate of blasts 

at diagnosis and potentially cause difficulty when assess-

ing remission status. A better approach here might be 

to use an FSC/SSC blast gate, which is undoubtedly less 

 precise but will capture myeloblast and monoblast popula-

tions together in a single analysis. A number of acute 

leukaemias are CD34 negative, so knowledge of these enti-

ties and appropriate alternative gating strategies is essen-

tial. Alternatively, a CD45 versus SSC approach can be 

useful in the identification of CD45 dim cells,  particularly 
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Figure 3.5 The CD19/SSC plot shows two B-cell populations with different MFI values for CD19, indicating two different populations; the 
first is CD19brightlambdabright (red events), whilst the second is CD19dimlambdadim (blue events). Gating all CD19 positive events in a single analysis 
would lead to misinterpretation and failure to recognize two clear clones (CLL and SMZL in this case).

Table 3.1 Sources of error in technical handling and their 
consequences.

Process Error Result

Sample tube 
labelling

Mislabelling Erroneous result

Addition of 
antibody

Missed antibody False negative 
result

RBC lysing 
process

Inadequate lysis Aberrant result, 
residual RBC

Cell washing 
procedure

Inadequate washing Aberrant sIg 
results, no clonality

Cell 
permeabilization

Insufficient 
permeabilization

Aberrant 
cytoplasmic results; 
false negatives

Flow analysis Mis-identification of 
tubes

Aberrant results; 
misdiagnosis
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when a bone marrow still shows significant residual 

 myeloid and monocyte populations. This gate, however, 

in addition to blasts has potential to include normal pro-

myelocytes, monocytes, hypogranular myelocytes, non-

lysed erythroid precursors and of course, haematogones. 

The operator and interpreter need to be aware of this.

Antibody and fluorochrome selection
The selection of antibody and fluorochrome combination 

also carries considerable importance. It is useful to have 

a selection of antibodies with different fluorochromes to 

enable multicolour (4+) analyses in a variety of panels. It 

is, of course, possible to have an endless supply of anti-

body/fluorochrome combinations in stock, but these are 

expensive, can expire before use and need user familiar-

ity in terms of performance, spectral emission and over-

lap. Spectral overlap, the situation where two different 

fluorochromes have overlapping emission wavelength 

spectra, also requires attention and appropriate compen-

sation (covered in Chapter 2). This phenomenon is one 

of the most frequent sources of error in flow signal and 

it requires operator experience in order to recognize when 

it is causing interference [21]. Clearly, as more colours are 

used the more likely we are to encounter spectral overlap, 

so compensation becomes increasingly important.

Steric hindrance can also be an issue; this is the 

 phenomenon where two antibodies directed at adjacent 

epitopes can mechanically interfere with each other’s bind-

ing. This reduced binding results in apparent reduced 

antigen expression. Some different commercial antibodies, 

for example anti-CD14, are directed at different epitopes 

on the antigen and their results are not necessarily 

 comparable when studying monocytes. It is important, 

therefore, to be familiar with a particular antibody per-

formance, the epitope against which it is directed and 

not to interchange them between studies without being 

aware of possible implications. Finally, in situations where 

an antigen is expressed at low intensity it is important to 

choose an antibody linked to a fluorochrome with high 

spectral emission to facilitate detection.

Background fluorescence
There are three main causes of background fluores-

cence [22]:

1 Autofluorescence

2 Spectral overlap (discussed above)

3 Non-specific antibody/fluorochrome binding

In some circumstances the excitation laser of the 

cytometer is able to generate fluorescence emission from 

naturally occurring cell compounds. These fluorophores, 

for example NADPH and flavin coenzymes, are found 

in  mitochondria and lysosomes. This autofluorescence 

phenomenon is independent of any antibody bound fluo-

rochrome signal and can make interpretation difficult. 

It  is more likely to occur when using short wavelength 

lasers, specifically 488 nm [23]. Myeloid cells are more 

prone to this phenomenon because of their high content 

of granule-associated flavoproteins [24]. As cells age 

autofluorescence tends to increase; this is another 

 example of why old specimens should not be examined. 

Some neoplastic populations naturally exhibit a degree of 

autofluorescence, for example the authors have experi-

ence of a number of hairy cell leukaemia cases which 

have demonstrated this feature (Figure 3.6)

Undesirable and non-specific antibody binding is 

another common cause of background fluorescence. 

This  refers to the binding of an antibody to an epitope 

different to the one against which it was generated. Non-

specific binding is more likely to occur in relation to old 

and dying cells and cell debris. Non-specific binding to 
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Figure 3.6 Note the position of the hairy cell population (red) 
in this study. These cells appear to show a higher CD19 MFI than 
the normal B-cells but, interestingly, this population also appears 
skewed toward FITC positivity measuring CD2 expression. The cells 
in question were CD2 negative but the apparent capture of signal in 
the FITC channel was due to inherent autofluorescence captured by 
detectors covering the FITC emission wavelength. This phenomenon 
can lead to spurious positivity for FITC linked antibodies.
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viable cells can be minimized by using optimal pH, buffer-

ing, incubation and using appropriate ratios of antibody to 

cells. Thorough washing of cell suspensions after antibody 

incubation will also minimize this tendency. It is identified 

by examining the fluorescence activity of internal negative 

cells, for example the neutrophil population in a CD2 ver-

sus CD19 lymphocyte examination. In any flow study, it is 

therefore essential to incorporate negative control tubes; 

these incubate patient cells with a fluorochrome linked 

antibody which has no particular specificity and is of the 

same subclass as the diagnostic antibodies (isotype con-

trol). In many flow studies we have the benefit of in-built 

negative control cells allowing an assessment of the behav-

iour of this cell population. For example, Figure 3.7 shows a 

CD4 versus CD8 plot, derived from a lymphocyte gate, with 

an increased CD8/CD4 ratio. There is a small but distinct 

double negative population (B-cells and some NK cells) 

(Q3-1) acting as an internal negative control.

Interpretation issues

Morphological correlation
Perhaps the single most important caveat in flow cytom-

etry reporting is the failure to correlate morphological 

assessment with immunophenotyping data. Accurate 

gating of the correct cell population is essential in every 

study and this is guided by the clinical history and mor-

phological examination of the specimen. We should 

note also, that no matter how informed and considered 

the referring clinician there will always be unexpected 

diagnoses. For example, a pancytopenia might be due to 

metastatic breast cancer rather than a secondary leukae-

mia following adjuvant chemotherapy. The rapidly ris-

ing leucocyte count in CLL might not be simply 

progressive disease but might indicate a Richter trans-

formation. The analysis of the blast gate of the marrow 

in a patient with a high LDH and bulky intra-abdominal 

nodes (later  confirmed as Burkitt lymphoma) might not 

detect a  sizeable population; gating using a CD19/SSC 

approach however may well pick out a small clonal 

 population with a CD19+ CD20+ CD10+ sIg restricted 

phenotype.

It is always wise, therefore, to review a well stained 

smear of a blood or marrow specimen before running 

a  selected immunophenotypic panel. If the results are 

non-informative or do not correlate with other diagnostic 

data then reconsider the whole approach.

Clinical context
We cannot stress enough the importance of properly 

assessing a specimen in relation to clinical context. To 

facilitate this, laboratory request forms seek detailed 

 clinical information; however, the data supplied is often 

incomplete, or even worse, frankly misleading. Access to 

electronic clinical information systems may circumvent 

some of these issues but a telephone call to the requesting 

clinician can often help direct appropriate testing and 

 tailor use of resources.

Combined report
The combined pathology report is based on the principle 

whereby a final diagnosis can only be issued when the 

 morphological, flow cytometric, immunohistochemical, 

molecular and cytogenetic data are integrated into a comp-

rehensive final report. Furthermore, interpretation of these 

data should  be independently corroborated by a second 

specialist; if there are discrepancies then the whole case 

has to be reviewed and discussed in a wider forum. This 

approach is extremely effective in minimizing diagnostic 

error and in the UK has been pioneered by the Haematology 
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Malignancy Diagnostic Service (HMDS) in Leeds. From 

the time a sample enters the laboratory it is tracked by 

a specialized software system, which generates a multi-

disciplinary workflow based on initial morphological 

scrutiny of the sample. This means testing is appropriate 

and cost effective. Given the success of this approach it 

seems very likely that such services will eventually become 

standard practice.

Conclusion

Flow cytometric immunophenotyping is a remarkable 

diagnostic technique. This chapter is positioned early 

in this text to make our readers aware of possible caveats 

and pitfalls.

‘Awareness of these pitfalls comes with experience: 

experience comes with the awareness of pitfalls.’
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