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Abstract  
Histopathology laboratories are pivotal to accurate and timely disease diagnosis, particularly for cancer and tissue-based 

disorders. Technical variability across grossing, fixation, decalcification, processing, embedding, microtomy, staining, and 

coverslipping can generate artifacts, erode diagnostic confidence, and necessitate repeat work. This review synthesizes common 

troubleshooting challenges encountered throughout the routine histopathology workflow and proposes pragmatic, 

evidence‑informed corrective actions. Emphasis is placed on pre‑analytical quality (e.g., specimen handling and fixation), 

process control (e.g., dehydration, clearing, and paraffin infiltration), section quality (e.g., ribbon formation and compression), 

and stain reliability (e.g., deparaffinization, hydration, and hematoxylin–eosin optimization). Practical tables summarize 

problem–cause–solution triads for each stage, highlighting controllable sources of error and preventive measures. Collectively, 

the recommendations aim to strengthen slide quality, reduce rework, and improve diagnostic accuracy and laboratory efficiency. 
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1. Introduction 

Histopathology relies on the preparation and 

microscopic evaluation of tissue sections to inform 

clinical decision‑making. Even minor deviations in 

pre‑analytical handling or bench processes can 

produce artifacts that compromise interpretation, 

delay treatment, or require recollection and repeat 

processing. Systematic troubleshooting therefore 

remains a cornerstone of quality management in 

anatomic pathology. This narrative review 

consolidates frequent issues across the end‑to‑end 

workflow and presents actionable solutions and 

preventive strategies. The content is organized by 

workflow stage, with concise tables to facilitate rapid 

reference in daily practice. 

Grossing 

The grossing bench establishes downstream quality. 

Prompt fixation, accurate orientation, adequate 

sampling, and rigorous labeling and contamination 

control are essential to prevent autolysis, 

misorientation, and specimen mix‑ups. Table 1 

summarizes common problems with their likely 

causes and corrective actions. 

Problem Cause Recommended Action 

Delayed grossing Specimens left before fixation 

undergo autolysis and drying. 

Gross promptly or place in fixative 

immediately. 

Inadequate fixation before grossing Soft, fragile tissue tears; fatty 

tissues especially affected. 

Ensure adequate fixation with 10% 

NBF at ~10:1 ratio. 

Incorrect tissue orientation Misorientation leads to erroneous 

embedding/sectioning. 

Mark surfaces, use diagrams, and 

ensure margin identification. 
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Incomplete or inaccurate labeling Cassette/block mix‑ups risk 

misdiagnosis. 

Use strict verification; adopt 

barcoding where possible. 

Overcrowding or oversized pieces Prevents fixative penetration and 

causes central artifacts. 

Trim to appropriate size; avoid 

overloading cassettes. 

Thick tissue slices (>4–5 mm) Fixative penetrates ~1 mm/hour; 

inner cores under‑fixed. 

Slice to 3–4 mm thickness before 

fixation. 

Inadequate sampling of lesion Critical areas omitted, hindering 

diagnosis. 

Sample lesion edges, center, and 

surrounding tissue. 

Poor trimming/uneven cutting Irregular cuts cause crushing 

artifacts. 

Use sharp blades and even 

technique. 

Cross‑contamination Insufficient cleaning between 

specimens. 

Clean instruments/surfaces 

between cases; SOPs for 

contamination control. 

Fixation 

Appropriate fixation preserves morphology and 

antigenicity and underpins reliable staining. Attention 

to fixative type, volume, pH, temperature, and 

duration is critical. Table 2 outlines common fixation 

problems and feasible remedies. 

Problem Cause Recommended Action 

Delay in fixation Autolysis and structural 

degradation. 

Immerse immediately in 10% NBF 

at ~10:1 fixative:tissue. 

Inadequate fixative volume Incomplete penetration in large 

specimens. 

Ensure complete immersion and 

adequate volume. 

Improper temperature Fixative activity altered at 

extremes. 

Maintain ~15–25 °C during fixation. 

Incorrect fixation duration Under‑ or over‑fixation affects 

sectioning and staining. 

Follow recommended times (e.g., 

routine 6–48 h; CAP breast 6–72 h). 

Expired/inappropriate fixative Ineffective fixation and artifacts. Verify quality; replace solutions per 

protocol. 

Formalin pigment artifacts pH <6 leads to acid formaldehyde 

hematin in blood‑rich tissues. 

Buffer formalin to ~pH 7; remove 

pigment with alcoholic picric acid or 

alcoholic ammonium hydroxide. 

Thick tissue blocks Inner portions remain under‑fixed. Slice to 3–4 mm thickness prior to 

fixation. 

Decalcification 

Decalcification of bone and calcified tissues facilitates 

microtomy but risks over‑softening or antigen loss if 

uncontrolled. Agent selection (e.g., EDTA for delicate 

tissues) and diligent endpoint monitoring are essential 

(Table 3). 

Problem Cause Recommended Action 

Over‑decalcification Prolonged exposure to decalcifiers 

diminishes nuclear detail and H&E 

quality. 

Monitor closely; remove at 

endpoint; prefer gentler agents 

when feasible. 

Under‑decalcification Residual calcium hardens blocks 

and damages blades. 

Ensure adequate duration; confirm 

endpoint physically, 

radiographically, or chemically. 

Prolonged use of strong acids Over‑softening, swelling, antigen 

destruction. 

Limit exposure; use milder agents 

for sensitive tissues. 

Unsuitable agent for delicate 

tissues 

Morphology and IHC 

compromised. 

Select EDTA or mild alternatives 

for marrow/tumors/soft 

components. 

Inadequate endpoint 

determination 

Either incomplete or excessive 

decalcification. 

Perform periodic testing (bend test, 

X‑ray, chemical). 

Excessive heat Accelerates but damages tissue 

architecture and enzymes. 

Maintain room temperature; avoid 

unnecessary heating. 

Inadequate fixation before 

decalcification 

Autolysis and poor morphology. Fix in 10% NBF before 

decalcification. 

Failure to refresh solution Calcium build‑up slows/unevenly 

decalcifies. 

Change solutions based on load and 

progress. 
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Insufficient agitation Uneven exposure to decalcifying 

solution. 

Provide gentle agitation or 

circulation. 

Overly thick tissue Hard cores with over‑exposed 

surfaces. 

Cut slices to 3–4 mm for uniform 

penetration. 

Tissue Processing 

Processing encompasses dehydration, clearing, and 

paraffin infiltration. Time, temperature, reagent 

quality, and load management govern outcomes. Table 

4 lists frequent issues with corrective steps. 

Problem Cause Recommended Action 

Incomplete dehydration Insufficient time or contaminated alcohols 

leave residual water. 

Ensure graded alcohol 

sequence and timely changes. 

Over‑dehydration Excessive water removal causes brittleness 

and shrinkage. 

Adhere to recommended 

times; avoid delays in alcohol 

steps. 

Inadequate clearing Residual alcohol impedes paraffin 

infiltration. 

Use fresh clearants; ensure 

adequate time and avoid 

overloading. 

Prolonged clearing Over‑exposure (e.g., xylene) hardens tissue. Monitor durations and adjust 

for size/type. 

Incomplete paraffin 

infiltration 

Insufficient time or wrong temperature. Maintain 56–60 °C and allow 

sufficient infiltration; prevent 

wax contamination. 

Incorrect wax temperature Too low: poor penetration; too high: 

shrinkage/artifacts. 

Keep paraffin 56–60 °C and 

monitor. 

Contaminated processing 

fluids 

Carryover and staining artifacts. Institute regular fluid change 

schedules. 

Overloading processor Reduced reagent circulation and 

penetration. 

Follow capacity guidance; 

distribute cassettes evenly. 

Mechanical failure Vacuum/pressure/heat/exchange failures 

under‑process tissues. 

Maintain equipment; have 

backup protocols. 

Inadequate pre‑processing 

fixation 

Processing cannot compensate for poor 

fixation. 

Confirm complete fixation 

before processing. 

Embedding 

Correct orientation, spacing, and cooling during 

embedding directly affect ribbon quality and 

diagnostic planes. Table 5 outlines typical pitfalls and 

solutions. 

Problem Cause Recommended Action 

Incorrect orientation Specimens positioned upside 

down/sideways. 

Use tissue‑specific orientation 

guides; ensure diagnostic surface 

down. 

Tissue near mold edge Curling, folding, tearing. Center tissue with adequate 

margins. 

Tissue not flattened Wrinkles and morphological 

distortion. 

Flatten gently on a warm surface; 

use warmed forceps. 

Upside‑down/sideways 

embedding 

Wrong plane cut in layered tissues. Maintain orientation; verify before 

solidification. 

Multiple tissues too close Overlap and uneven ribboning. Space specimens evenly and at the 

same level. 

Air bubbles Air trapped beneath tissue prevents 

infiltration. 

Gently press into molten paraffin to 

release bubbles. 

Different levels in mold Step‑section artifacts and uneven 

ribbons. 

Embed all pieces at the same level. 

Improper cooling Cracking or tissue movement. Cool rapidly but evenly on a cold 

plate; avoid extremes. 

Dirty/scratched molds Lines/indentations in sections. Clean routinely and replace 

damaged molds. 

Overheating during embedding Hardening/shrinkage and artifacts. Limit exposure to hot plates; 

control station temperature. 
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Cross‑contamination Carryover between cases. Clean forceps/molds between 

specimens; SOPs; consider 

separate stations for small biopsies. 

Microtomy (Sectioning) 

Uniform, artifact‑free 3–5 µm sections require proper 

blade condition, angles, block temperature, and 

environmental control. Table 6 summarizes recurring 

problems and corrective actions. 

Problem Cause Recommended Action 

Thick/thin sections Loose holder, inconsistent speed, 

uneven block face. 

Tighten holder, cut evenly, trim to flat 

surface. 

Chatter/vibration Hard tissue, dull blade, loose 

microtome, rapid cutting. 

Use sharp blade, stabilize instrument, 

reduce speed, optimize clearance angle. 

Compression Soft blocks, dull blade, fast 

cutting. 

Cool blocks, use sharp blade, slow 

cutting speed. 

Sections sticking to knife Static, melting wax, excess 

paraffin on edge. 

Clean blade, control room conditions, 

anti‑static measures. 

Poor ribbon formation Wrong clearance angle/dirty 

blade/hard tissue. 

Set 3–5° clearance, trim evenly, soften 

hard blocks, clean/replace blade. 

Poor adhesion to bath/slides Wrong bath temperature, dirty 

slides, over‑drying. 

Maintain 40–45 °C bath, use adhesive 

slides, float and mount promptly. 

Knife lines/scores Nicks/debris on blade or block. Move to a fresh blade area; clean edge 

and block face. 

Block breakage/chunking Incomplete infiltration or brittle 

tissue. 

Ensure proper processing; remove hard 

particles; handle carefully. 

Wrinkles/folds Improper flotation or low bath 

temperature. 

Stretch gently on warm bath and adjust 

temperature. 

Tearing/fragmentation Dull blade, hard tissue, uneven 

motion. 

Use sharp blades, soften block as 

needed, steady cutting. 

Over‑thick blocks/improper 

trimming 

Difficult thin sectioning. Proper trimming; create a flat, smooth 

face. 

Poor blade angle Too small: compression; too 

large: chatter/tearing. 

Optimize to ~3–5°. 

Inadequate cooling Warm blocks compress; very 

cold blocks crack. 

Briefly cool on cold plate; avoid 

over‑cooling. 

Static issues Low humidity causes 

unpredictable sticking. 

Use anti‑static brushes, raise humidity, 

ionizing devices if available. 

 

Staining 

Reliable staining depends on complete dewaxing, 

proper rehydration, controlled reagent quality, and 

standardized timing. General issues and H&E‑specific 

troubleshooting are listed in Tables 7 and 8. 

General Staining Problems

Problem Cause Recommended Action 

Incomplete dewaxing Insufficient xylene or exhausted 

reagents leave paraffin. 

Provide 2–3 changes of fresh 

xylene; extend for large sections. 

Incomplete hydration Skips in graded alcohols prevent 

uniform dye uptake. 

Follow graded alcohol steps; 

ensure complete hydration. 

Over/under‑staining Incorrect timing or reagent strength. Standardize times; monitor 

solution strength and pH. 
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Uneven staining Poor mixing, contamination, 

inconsistent immersion. 

Mix/filter solutions; gentle 

agitation during staining. 

Contaminated solutions Debris/microbial 

growth/precipitates. 

Filter and replace; clean staining 

containers. 

Carry‑over between baths Automated stainer transfer or rapid 

hand transfers. 

Increase wash steps; maintain 

stainer cleaning protocols. 

Mixing between steps Insufficient drainage between 

reagents. 

Allow drainage; agitate gently; 

refresh solutions regularly. 

Hematoxylin and Eosin (H&E) Troubleshooting 

Problem Likely Cause Recommended Action 

Blurry/smudgy nuclei Poor or delayed fixation; 

excessive heat. 

Immediate fixation; extend fixation when 

needed; control processing temperatures. 

Weak eosin shades Inadequate fixation or improper 

pH. 

Ensure fixation quality; adjust pH; 

improve eosin differentiation. 

Weak nuclear–cytoplasmic 

contrast 

Non‑optimal times or pH. Optimize hematoxylin/eosin times; check 

pH daily. 

Cytoplasm too dark Over‑staining or poor 

differentiation. 

Reduce staining time/concentration; 

improve alcohol differentiation. 

Cytoplasm too light Exhausted eosin, short exposure, 

high pH. 

Refresh eosin; lengthen exposure; correct 

pH. 

Nuclei too dark Strong hematoxylin or long 

exposure; inadequate 

differentiation. 

Weaken solution; shorten time; increase 

differentiation. 

Nuclei too light Inadequate dewaxing; exhausted 

hematoxylin; pH issues. 

Improve dewaxing; refresh hematoxylin; 

adjust pH. 

Uneven staining Variable section thickness, low 

reagent levels, poor rinsing. 

Recut uniformly; ensure coverage; 

improve rinsing. 

Red‑brown nuclei Inadequate bluing or oxidized 

hematoxylin. 

Extend bluing; replace hematoxylin. 

 
Coverslipping 

Coverslipping protects sections and preserves stain 

integrity. Control of dehydration, clearing, mounting 

medium, and application technique prevents refractive 

artifacts, detachment, and optical haze (Table 9). 

Problem Cause Recommended Action 



Amnah Ahmed Omer Al-Khateeb et. al. 

__________________________________________________________________________________________________________________ 

________________________________________________ 

Saudi J. Med. Pub. Health Vol. 1 No. 1 (2024) 

431 

Air bubbles under coverslip Rapid mounting or incomplete 

clearing. 

Apply at an angle; ensure 

complete xylene clearing; use 

proper technique. 

Water bubbles Residual water due to inadequate 

dehydration. 

Ensure thorough dehydration and 

clearing before mounting. 

Mounting medium overflow Excess medium or uneven 

spreading. 

Use appropriate volume; lower 

coverslip gently to spread evenly. 

Drying artifacts/crystal 

formation 

Medium dries before application or 

low humidity storage. 

Coverslip promptly; store in 

controlled conditions. 

Cloudy/milky appearance Residual xylene/alcohol or 

incomplete dehydration. 

Complete dehydration and 

clearing; replace contaminated 

solvents. 

Coverslip detachment Insufficient medium or poor 

adhesion. 

Use adequate medium; ensure 

contact; store slides flat. 

Dust/foreign particles Environmental contamination. Work cleanly and cover slides 

immediately after mounting. 

Uneven placement Coverslip applied too quickly or 

unevenly. 

Lower slowly and evenly with 

forceps or automated coverslipper. 

Cracking/breaking Excess pressure or defective 

coverslips. 

Handle carefully; avoid pressure; 

use high‑quality glass. 

Medium not curing Old/incompatible medium or 

inadequate drying. 

Use fresh, compatible media; 

allow adequate curing time in a 

dust‑free area. 

Importance of Quality for Diagnostic Accuracy 

Strict adherence to quality standards at every stage of 

tissue preparation is fundamental for ensuring accurate 

and timely diagnoses. 

In histopathology laboratories, even minor deviations 

during pre-analytical or processing stages (e.g., 

fixation, sectioning, staining) can introduce artifacts 

that reduce diagnostic confidence, cause delays, or 

require repeat work. 

Common examples of quality-related errors include: 

● Delayed fixation leading to tissue autolysis. 

● Uneven section thickness causing 

inconsistent staining. 

● Contaminated or expired reagents producing 

weak or irregular staining. 

Implementing robust quality control (QC) procedures 

enables early detection and prevention of such issues 

before they compromise diagnostic interpretation. 

Quality Control in Pre-Analytical Stages 

Pre-analytical quality encompasses specimen 

handling, fixation, decalcification, and grossing — all 

of which are critical for preserving tissue morphology. 

Key quality measures include: 

● Immediate fixation of tissue in 10% neutral 

buffered formalin at a 10:1 ratio to prevent 

autolysis. 

● Slicing tissue to 3–4 mm thickness to ensure 

complete fixative penetration. 

● Accurate identification and labeling (e.g., 

barcode systems) to avoid specimen–slide 

mismatches 

● Errors in the pre-analytical phase account for 

over 60% of factors that compromise 

histology slide quality in many studies. 

Quality During Tissue Processing 

The processing stage covers dehydration, clearing, and 

paraffin infiltration, where time, temperature, reagent 

integrity, and equipment performance are key 

determinants of quality. 

Examples of quality issues and their consequences 

include: 

● Incomplete dehydration → leads to brittle 

tissue and poor sectioning. 

● Overheating during processing → damages 

tissue proteins and staining outcomes. 

● Failure to refresh decalcification solutions → 

causes uneven or delayed decalcification. 

Daily logging and monitoring of these parameters is 

essential to ensure consistent quality outcomes. 

Quality in Microtomy and Staining 

During microtomy, using sharp blades, correct 

clearance angles, and optimal block temperature 

minimizes sectioning artifacts such as chatter, 

compression, or tearing. 

During staining, thorough dewaxing, proper 

rehydration, and standardized staining times are 

required to achieve consistent and diagnostic H&E 

staining. 

The troubleshooting tables in the article provide 

problem–cause–solution triads, for example: 

● Uneven staining ← due to variable section 

thickness or contaminated reagents → 



Troubleshooting in Histopathology Laboratories: Common Challenges and Practical Solutions 
_____________________________________________________________________________________________________________ 

________________________________________________ 

Saudi J. Med. Pub. Health Vol. 1 No. 1 (2024) 

 

432 

Solution: cut sections uniformly, filter 

solutions, and standardize immersion steps 

 Quality Systems to Prevent Recurrent Errors 

● Implementing comprehensive quality 

management systems in histopathology 

laboratories yields measurable benefits: 

● Reduced rework rates, leading to lower 

operational costs and faster turnaround times. 

● Improved slide quality and diagnostic 

confidence. 

● Enhanced clinician trust in pathology reports. 

● Effective quality systems typically include: 

● Routine equipment maintenance and 

calibration. 

● Regular staff training on updated SOPs and 

protocols. 

● Periodic audits and competency assessments. 

● Electronic specimen tracking through all 

workflow stages. 

● These practices align with guidelines from: 

● World Health Organization (WHO) 

● College of American Pathologists (CAP) 

● ISO 15189 standards for medical laboratories 

Discussion 

Across the histopathology workflow, preventable 

errors commonly originate from controllable factors: 

timing and adequacy of fixation, reagent integrity and 

temperature control during processing, orientation at 

embedding, blade condition and angles during 

microtomy, and standardized staining protocols. The 

tabulated troubleshooting frameworks provide rapid, 

bench‑level guidance to correct errors and, critically, 

to prevent recurrence through training, SOP 

adherence, and continuous quality improvement. 

Incorporating barcoded tracking, routine equipment 

maintenance, and periodic competency assessments 

can further reduce error rates and rework while 

improving turnaround time and diagnostic confidence. 

Conclusion 

Implementing quality assurance in histopathology 

laboratories is not optional — it is essential for 

achieving accurate diagnostics, efficient workflows, 

and improved patient outcomes. A proactive quality 

culture built on standardization, preventive 

monitoring, continuous training, and systematic 

process control enables laboratories to minimize 

errors, enhance slide quality, and strengthen 

diagnostic accuracy. Troubleshooting in 

histopathology is not merely a reactive measure; it 

serves as a cornerstone of quality management by 

addressing technical issues early, preventing their 

recurrence, and supporting consistent performance 

across all workflow stages. By standardizing pre-

analytical handling, maintaining rigorous process 

control, and routinely auditing outcomes, laboratories 

can reduce turnaround times, minimize rework, and 

ensure reliable diagnostic interpretation. The 

consolidated recommendations and troubleshooting 

tables presented in this review are designed for 

practical integration into local standard operating 

procedures (SOPs) and training programs, ultimately 

supporting sustainable quality improvement in 

histopathology practice. 
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