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ABSTRACT 
 

Background: Surgical pathology laboratories have a main leading role towards diagnosis and management of 

patients. There is always a need to improve quality towin physician’s trust in pathology reports. In the recent 
decades, the emphasis on quality control and continuous process improvement has gained much more 
importance. These are the non-value added activities and unwanted or waste time.  
Aim: To see the effect of implementing lean methodology to decrease the turnaround time of the gastrointestinal 

biopsies submitted to the surgical pathology laboratory of King Edward Medical University. 
Methods: A total of 70 gastrointestinal endoscopic biopsies were evaluated turnaround time of 35 gastrointestinal 

biopsies submitted routinely to pathology reception. Then by using the principle of lean, we assessed next 35 
gastrointestinal biopsies and identified non-value added time in our work flow process. The non-value added 
activities were recognized from the transportation of the sample till the dispatch of the final report.  
Study design: Comparative cross sectional study. 
Results: We evaluated the turnaround time of gastrointestinal biopsies by using value stream mapping. Before 

lean implementation, non-value added minutes were 6647 and the process cycle efficiency was 17.14%. After 
lean implementation the non-value added time was reduced to 510 minutes, which shows removal of 1885 non-
value added minutes. Process cycle efficiency was 72.94%. 
Conclusions: Lean principles can be used in a surgical pathology laboratory to remove the non-value added 

activities and to minimize the total turnaround time.  
Keywords: Gastrointestinal biopsy, Lean principles, Turnaround time, Value stream map  

 

INTRODUCTION 
 

Gastrointestinal Biopsy burden constitutes a major bulk of 
biopsy specimens submitted to surgical pathology 
laboratory. As it comes in the category of gross only 
specimen so there is a dire need for timely processing, 
accurate histopathological diagnosis without increase in 
turnaround time. Many quality management systems focus 
on streamlining routine process of which lean methodology 
helps in achieving these targets very effectively1.  
 Lean production system is a Japanese business 
avenue based on (TPS), which was used in manufacturing 
industries until 1990’s2. But now it is also used by multiple 
organizations other than industrial systems. The main 
approach was to reduce waste to increase throughput by 
making staff responsible for the improvement of efficiency 
and quality. Lean consists of following activities:  

 Value stream mapping: A map showing unnecessary 
waste in different steps.  

 SIPOC: Suppliers, inputs, process, outputs and 
customers3.  

 The main aim of these tools is to remove all kind of 
waste source in a system i.e., cost, inventory, time and 
space while improving productivity and maintaining quality2.  
-------------------------------------------------------------------------- 
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It understands customer’s value and emphasizes on quality 
management, identify and remove waste and eliminate 
non-value added activities3.  
 Lean philosophy has also been applied in healthcare 
laboratories. Sugianto JZ conducted a study on 
gastrointestinal biopsy handling and reduce their total time 
process from 507 minutes to 238 minutes by applying lean 
principles3. The need to apply lean production in a 
laboratory is due to increasing volume of gastrointestinal 
biopsies3 and patients’ dissatisfaction due to extensive 
time. Lean reduces turnaround time (TAT), removes waste 
and directly improves patients’ satisfaction with laboratory 
process and reports and also empower workers4. The main 
pillar of Lean methodology is to classify waste. Ohno 
(1988) has described seven types of waste (shipping, 
inventory, motion, waiting, over-processing, over-
production and defects)5.  
 Local data regarding application of lean principles is 
lacking. In this research, we will apply lean production in 
our surgical pathology lab specifically for gastrointestinal 
biopsies. It will help our workers to work effectively and on 
time to satisfy our patients’. 

 The objectives of the study were to remove the non-
value added activities (waste) and to decrease turnaround 
time  
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MATERIALS AND METHODS 
 

Before the start of research, a pre-research planning was 
done in which all the aspects were considered. It included 
selection of target population, sample size, self-designed 
proforma and value stream map, sampling method, 
research methodology, organizational issues and work 
plan. 
 It was a comparative cross sectional study conducted 
atPathology Department, King Edward Medical University/ 
Mayo Hospital, Lahore. 
 Sample size of 70 patients (35 patients in each group) 
was estimated by using 5% level of significance, 90% 
power of test with expected %age without lean principle as 
29% and with lean principle as 63%15. All Gastrointestinal 
biopsy specimens submitted to anatomical pathology 
laboratory were included in this study whereas crushed and 
inadequate biopsies were excluded. 
 Data was collected from the gastrointestinal biopsy 
specimens submitted to surgical pathology laboratory of 
King Edward Medical University by non-probability, 
convenient sampling. The gastrointestinal biopsies were 
processed by 1 receptionist, 5 histotechnologists and in the 
end,1 transcriptionist was responsible for typing final report. 
Several pathologists examined tissue slides during their 
rotating days. 
 Data was collected using pre-designed proforma 
which covers various aspects of all the processes involved 
from specimen requisition till dispatch of final report. Lean 
principle was used to decrease turnaround time and 
minimizing time waste. 
Lean methodology: Lean is a thinking that approaches to 

provide quality work to an organization. It usually based on 
the removal of non-value added activities, to reduce 
turnaround time as well as waste. 
 We started our research with the formation of value 
stream map. This map is a flow chart with boxes of each 
step showing their total time value added time with non-
value added time. It began with the collection of 
gastrointestinal biopsies coming to our laboratory and 
ended at the delivery of final report after the microscopic 
examination of the biopsy. Our main purpose was to 
decrease the turnaround time of gastrointestinal biopsies 
and in this way, we focused on the continuous 
improvement by removing non-value added activities. 
 Value-added activities are those stages that are 
compulsory for our final product i.e. required fixation time, 
gross examination of specimen, proper processing, tissue 
embedding and cutting, staining of the cut section of the 
tissue, mounting, microscopic examination and in the end 
transcription of the diagnosed report. In contrast, Non-value 
added activities are needless steps in finishing off our final 
product i.e. prolong transportation time and any delay time 
for next step15. 
 With all this background, we identified and eliminated 
time waste and directly see the decrease in our throughput 
time and by doing this ultimately we increased the quality of 
our laboratory procedures. We took 70 biopsies and 
processed them (35 before and 35 after using lean 
principles). Non-value added time was identified by drawing 
value stream map.Data collected was entered by using 
Statistical package for social sciences (SPSS vr 21). 

Quantitative variables like time will be presented as mean 
±S.D. Qualitative variables like process cycle efficiency will 
be presented as frequency and percentage. Comparison of 
two groups without lean and with lean principle applies one 
sample t-test. P value <.05 was considered significant. 
 

RESULTS 
 

To evaluate the turnaround time of gastrointestinal (GI) 
biopsies coming to our surgical pathology laboratory, we 
processed total 70 samples (35 before applying lean 
principle and 35 after applying lean principle). The total 
time, value added time and non-value added time of each 
step during the processing is represented by using value 
stream map (VSM).  
 Figure 1 shows the current state value stream map 
(before lean implementation). The total time shown by 
current state value stream map is 8022 minutes, which 
includes 1375 value added minutes and 6647 non-value 
added minutes. The process cycle efficiency calculated 
was 17.14%. The efficiency shows there are a lot of non-
value added activities and waste time in our work flow. 
 Figure 2 shows the revised value stream map (after 
lean implementation). Total time in processing 35 
gastrointestinal biopsies was 1885 minutes. Value added 
minutes were 1375 and non-value added minutes were 510 
which mean total 6137 non-value added minutes were 
removed.When we calculated process cycle efficiency, the 
results came were astonishing. The efficiency was 
increased by 72.94%. Our process cycle efficiency was 
increased by 4 times. This shows our previous strategy was 
not very efficient or poor in the handling process of 
gastrointestinal biopsies. 
Process Cycle Efficiency (PCE) = Value Added time/Total 

Cycle Time 
 Tables1, 2 shows average results of total time. Value 
added time and non-value added time of 35, 35 samples 
before and after lean implementation. 
 

 
Total Time = 8022 minutes 
Process Cycle Efficiency (PCE) = 17.14%  

 
Figure 1: Current state Value-stream map for gastrointestinal (GI) 
biopsy processing. Wait time and delay time consist of non-value-
added time. VA indicates value-added activities; NVA, non-value-
added activities 
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Total Time = 1885 minutes 
Process Cycle Efficiency (PCE) = 72.94%  

 
Figure 2: Revised Value-stream map for gastrointestinal (GI) 
biopsy processing. Wait time and delay time consist of non-value-
added time. VA indicates value-added activities; NVA, non-value-
added activities 

 Data was analyzed by using one sample t-test. The p-
value was <0.05. Therefore, it can be concluded that the 
population means are statistically significantly different. If p-
value >.005, the difference between the sample-estimated 
population mean and the comparison population mean 
would not be statistically significantly different. 
 The graphical representation of non-value added time 
(NVA) of each step and total process cycle efficiency 
(before and after) is also given below. 
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Graph 1: Non-value added time (NVA) of reporting. before lean 
(785 min). After lean (8 min). 

 
 
Table 1: Time involved before lean application: 

Sr. No. Steps involved 
Time (min) 

Total time involved Non value added time Value added time 

1. Transportation 1140 min 1130 min 10 min 

2. Receiving/Accessioning 1168 min 1158 min 10 min 

3. Grossing 761 min 756 min 5 min 

4. Processing 2078 min 818 min 1260 min 

5. Embedding 170 min 160 min 10 min 

6. Microtomy 272 min 262 min 10 min 

7. Staining 160 min 115 min 45 min 

8. Mounting 318 min 313 min 5 min 

9. Microscopy 1160 min 1150 min 10 min 

10. Reporting 795 min 785 min 10 min 

 
Table 2: Time involved after lean application: 

Sr. No. Steps involved 
Time (Minutes) 

Total time involved Non value added time Value added time 

1. Transportation 70 min 60 min 10 min 

2. Receiving/Accessioning 44 min 34 min 10 min 

3. Grossing 131 min 126 min 5 min 

4. Processing 1290 min 30 min 1260 min 

5. Embedding 116 min 106 min 10 min 

6. Microtomy 86 min 76 min 10 min 

7. Staining 53 min 8 min 45 min 

8. Mounting 61 min  56 min 5 min 

9. Microscopy 16 min 6 min 10 min 

10. Reporting 18 min 8 min 10 min 

 

DISCUSSION 
 

The burden on the histopathology laboratory of King 
Edward Medical University is increasing with each passing 
year1. Therefore, to maintain our quality results and to 
enhance our efficiency, we used Lean Principle. The main 
goal of this study was to eradicate the waste and 
unnecessary steps and the delaytime in our gastrointestinal 
biopsy handling15. 
 Lean principle was initially introduced by Toyota 
Production System (TPS)11. The main purpose of the 

technique was to use the whole man force in our work 
place43 and to increase our productivity and efficiency by 
decreasing waste44. 
 In our study, we apply lean principle and firstly we 
recognized waste in our process cycle. Ohno has 
described the seven types of waste24. It includes the time 
waste, the increased processing time, augmented 
production, any delay due to transportation, any error or 
delay in any step due to our instruments, motion and 
formation of defective products45,24. 
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 In the beginning we started to collect and process our 
samples on routine basis. Before applying lean principle, 
the samples were received and processed on routine basis. 
The received samples were already fixed by the GI 
services. So, we didn’t need to fix them. But the waste was 
in transportation time. Patients’ or their attendants does not 
deliver the samples immediately. Maximum delay time was 
about a day. After receiving, accessioning was done. 
Sometimes there was also delay in it due to work load. 
Then the most important step came is grossing. Due to 
overburden in our laboratory, the samples received on the 
same day were not grossed on the same day. The 
pathologist on duty has to gross only fixed number of 
samples on their rotating days.Similarly the processing step 
was also too long. The maximum processing time required 
for gastrointestinal biopsies was between 18 to 21 hours, 
but in our routine practice, after removing the cassettes 
from processor, cassettes were put into hot wax for next 
day. Then these cassettes were embedded on the next 
day, which adds waste time in our flow. We usually did not 
observe any delay in embedding, but the large consumed 
time due to biopsies burdenin our laboratory. Moreover, 
there was no separation between large biopsies and small 
biopsies. Usually cutting, staining and mounting were done 
on the same day, but sometimes due to work load delay 
occurred. After all these slide making processes, the next 
step appear is microscopy. As we discussed above our 
histopathology section is the busiest section, therefore, due 
to high work load the microscopic examination was also 
delayed. Sometimes the pathologists were examining their 
old or pending cases and ultimately this results into unclear 
transcription time.The increasing burden kept the person 
on transcription busy or sometimes due to delayed 
microscopic examination the typing procedure were delay 
irrespective of whether transcriptionist was available or not.  
 All this discussion reveals that before lean 
implementation, our maximum waste time gathers around 
waiting before and after a step, transportation, excess 
processing time46, delayed accessioning, next day 
grossing, and pending microscopic examination and final 
reporting. We used current value stream map to describe 
our waste time and for steps representation in a work 
flow29. The calculated non-value added minutes before lean 
application were 6647 minutes and the calculated process 
cycle efficiency was 17.14%.  
 Process cycle efficiency (PCE) shows what part of a 
cycle is value added15. It is represented by percentage. To 
improve our cycle efficiency and productivity46  we 
implemented lean principle. The main focus of this 
methodology was on to reduce the delivery time to next 
step. After lean implementation, we revised our value 
stream map and concluded that our efficiency was 
increased by 72.94%, which is more than four times of the 
previous one. This shows our previous strategy was not 
very efficient or poor in the handling process of 
gastrointestinal biopsies. We also reduced our non-value 
added minutes from 6647 to 510 minutes i.e. total 6137 
minutes were removed from our work cycle. 
 This efficiency was achieved by making streamline 
flow47, decreasing technologist travel events37  and by 
dealing one sample at a time36  or one piece work flow i.e. 
process the sample as itsubmitted in our laboratory15. We 

collected the samples immediately from the endoscopic 
units and grossed then on the same day. The ideal 
processing time for gastrointestinal biopsies was also 
maintained. The reports were transcribed as soon as the 
slides were microscopically examined. We also established 
few sessions for our technologists, pathologists and 
transcriptionist for their awareness about lean. 
 To apply the lean principle in this huge set up were 
not so easy. Initially we faced some resistance from our 
workers and staff against this methodology but soon they 
embraced it33. The second limitation we met was lack of 
Lab Information System (LIS) and Voice Recognition 
System. We are also planning to establish these innovative 
and time saving gadgets in future. 
 We in the surgical pathology laboratory of King 
Edward Medical University in (2017-2018) used the 
principle of lean and generate a revised value stream map. 
The main goal we achieved was the decrease in our 
turnaround time12 in gastrointestinal biopsies handling. 
Lean principle not only reduced our gastrointestinal 
biopsies turnaround time from 8-9 days to 3-4 days, but it 
also helps us to quality results and it develops a sense of 
satisfaction in our patients’. Lean is a future based planning 
and a continuous improvement program, therefore, we are 
hoping better results in near future. Moreover, we are also 
planning to apply this principle in all biopsies other than 
gastrointestinal biopsies and making plans to reduce our 
processing time as a whole and particularly for small 
biopsies like gastrointestinal biopsies. 
 

CONCLUSIONS 
 

Lean principle is an innovative methodology that can help 
us to recognize and categorize waste in our work flow. The 
delay time and their root causes can also be identified by 
this principle. Ultimately it will generate continuous 
improvement in our system and process.  
 Our study will help other laboratories to apply lean 
principle to improve their productivity and efficiency. It will 
help to handle the burden in histopathology section as well 
as it can be implemented in other sections of a pathology 
laboratory. The value steam mapping tool will be beneficial 
in the discovery of unnecessary waste and delays. 
Conflict of Interest and Source of Funding: Authors 

declare that they have no conflict of interests and no 
funding was received for this research project. 
 

REFERENCES 
 

1. Ahmad Z, Arshad H, Fatima S, Idrees R, Ud-Din N, Ahmed R, et al. 
Gastrointestinal, liver and biliary tract pathology: a histopathological and 
epidemiological perspective from Pakistan with a review of the literature. 
Asian Pacific Journal of Cancer Prevention. 2013;14(11):6997-7005. 

2. Pourhoseingholi MA, Vahedi M, Baghestani AR. Burden of gastrointestinal 
cancer in Asia; an overview. Gastroenterology and hepatology from bed to 
bench. 2015;8(1):19. 

3. Peery AF, Dellon ES, Lund J, Crockett SD, McGowan CE, Bulsiewicz WJ, et 
al. Burden of gastrointestinal disease in the United States: 2012 update. 
Gastroenterology. 2012;143(5):1179-87. e3. 

4. Valliani A, Khan F, Chagani B, Khuwaja AK, Majid S, Hashmi S, et al. 
Factors associated with Helicobacter pylori infection, results from a 
developing country-Pakistan. Asian Pacific Journal of Cancer Prevention. 
2013;14(1):53-6. 

5. Quetz JS, Dantas IF, Hirth CG, Brasil CG, Juaçaba SF. Preliminary results 
of Lean method implementation in a pathology lab from Northeastern Brazil. 
Jornal Brasileiro de Patologia e Medicina Laboratorial. 2015;51(1):33-8. 



Yumna Rehman Mujtabai, Fakeha Rehman, Maham Akhlaq et al 

 

 

P J M H S  Vol. 14, NO. 4, OCT – DEC  2020   1005 

6. Patel S, Smith JB, Kurbatova E, Guarner J. Factors that impact turnaround 
time of surgical pathology specimens in an academic institution. Human 
pathology. 2012;43(9):1501-5. 

7. BusinessDictionary.(2018). turnaround time | BusinessDictionary. [Online]. 
Available from: http://www.businessdictionary.com/definition/turnaround-
time.html [Accessed 25 Jan .2018]. 

8. Hawkins RC. Laboratory turnaround time. The Clinical Biochemist Reviews. 
2007;28(4):179. 

9. Moore DF, Guzman JA, Mikhail LT. Reduction in turnaround time for 
laboratory diagnosis of pulmonary tuberculosis by routine use of a nucleic 
acid amplification test. Diagnostic microbiology and infectious disease. 
2005;52(3):247-54. 

10. Raab SS, Grzybicki DM. Measuring quality in anatomic pathology. Clinics in 
laboratory medicine. 2008;28(2):245-59. 

11. Pathan SK, Mahesar HA, Shah S. Analysis Of Lean Production. Grassroots. 
2016;50(1). 

12. Clark DM, Silvester K, Knowles S. Lean management systems: creating a 
culture of continuous quality improvement. Journal of clinical pathology. 
2013:jclinpath-2013-201553. 

13. Lawal AK, Rotter T, Kinsman L, Sari N, Harrison L, Jeffery C, et al. Lean 
management in health care: definition, concepts, methodology and effects 
reported (systematic review protocol). Systematic reviews. 2014;3(1):103. 

14. Radnor ZJ, Holweg M, Waring J. Lean in healthcare: the unfilled promise? 
Social science & medicine. 2012;74(3):364-71. 

15. Sugianto JZ, Stewart B, Ambruzs JM, Arista A, Park JY, Cope-Yokoyama S, 
et al. Applying the principles of lean production to gastrointestinal biopsy 
handling: from the factory floor to the anatomic pathology laboratory. 
Laboratory medicine. 2015;46(3):259-64. 

16. Jimmerson C, Weber D, Sobek DK. Reducing waste and errors: piloting 
lean principles at Intermountain Healthcare. The Joint Commission Journal 
on Quality and Patient Safety. 2005;31(5):249-57. 

17. Yeung SM-C. Using Six Sigma–SIPOC for customer satisfaction. 
International Journal of Six Sigma and Competitive Advantage. 
2009;5(4):312-24. 

18. Yang MGM, Hong P, Modi SB. Impact of lean manufacturing and 
environmental management on business performance: An empirical study of 
manufacturing firms. International Journal of Production Economics. 
2011;129(2):251-61. 

19. Stapleton FB, Hendricks J, Hagan P, DelBeccaro M. Modifying the Toyota 
Production System for continuous performance improvement in an 
academic children's hospital. Pediatric Clinics of North America. 
2009;56(4):799-813. 

20. Jones D, Mitchell A. Lean thinking for the NHS. London: NHS confederation. 
2006. 

21. IE CM. Lean Production Management System: Shanghai University; 2012. 

22. Singh R, Gohil AM, Shah DB, Desai S. Total productive maintenance (TPM) 
implementation in a machine shop: A case study. Procedia Engineering. 
2013;51:592-9. 

23. Michael CW, Naik K, McVicker M. Value Stream Mapping of the Pap Test 
Processing ProcedureA Lean Approach to Improve Quality and Efficiency. 
American journal of clinical pathology. 2013;139(5):574-83. 

24. J. Hayes K, Reed N, Fitzgerald A, Watt V. Applying lean flows in pathology 
laboratory remodelling. Journal of health organization and management. 
2014;28(2):229-46. 

25. Teichgräber UK, de Bucourt M. Applying value stream mapping techniques 
to eliminate non-value-added waste for the procurement of endovascular 
stents. European journal of radiology. 2012;81(1):e47-e52. 

26. Jacobson JM, Johnson ME. Lean and Six Sigma: not for amateurs: first in a 
2-part series. Laboratory Medicine. 2006;37(2):78-83. 

27. Earley.(2017) T. Lean Manufacturing Tools | T Earley. [Online]. Available 
from: http://leanmanufacturingtools.org/ [Accessed 12 Jan .2018]. 

28. Kumar BS, Abuthakeer SS. Implementation of lean tools and techniques in 
an automotive industry. Journal of Applied Sciences(Faisalabad). 
2012;12(10):1032-3037. 

29. Chen JC, Li Y, Shady BD. From value stream mapping toward a lean/sigma 
continuous improvement process: an industrial case study. International 
Journal of Production Research. 2010;48(4):1069-86. 

30. Arbós LsC. Design of a rapid response and high efficiency service by lean 
production principles: Methodology and evaluation of variability of 
performance. International Journal of Production Economics. 
2002;80(2):169-83. 

31. Ng D, Vail G, Thomas S, Schmidt N. Applying the Lean principles of the 
Toyota Production System to reduce wait times in the emergency 
department. Canadian Journal of Emergency Medicine. 2010;12(1):50-7. 

32. Buggy JM, Nelson J. Applying lean production in healthcare facilities. A 
Newsletter by. 2005. 

33. Hydes T, Hansi N, Trebble TM. Lean thinking transformation of the 
unsedated upper gastrointestinal endoscopy pathway improves efficiency 
and is associated with high levels of patient satisfaction. BMJ Qual Saf. 
2011:qhc-2011-000173. 

34. Mazzocato P, Savage C, Brommels M, Aronsson H, Thor J. Lean thinking in 
healthcare: a realist review of the literature. Quality and Safety in Health 
Care. 2010;19(5):376-82. 

35. Alkher M, Beker I, Cabarkapa V, Sevic D. Most used lean tools in hospitals 
and clinical laboratories. 

36. Smith ML, Wilkerson T, Grzybicki DM, Raab SS. The effect of a lean quality 
improvement implementation program on surgical pathology specimen 
accessioning and gross preparation error frequency. American journal of 
clinical pathology. 2012;138(3):367-73. 

37. Yerian LM, Seestadt JA, Gomez ER, Marchant KK. A collaborative 
approach to lean laboratory workstation design reduces wasted technologist 
travel. American journal of clinical pathology. 2012;138(2):273-80. 

38. White BA, Baron JM, Dighe AS, Camargo CA, Brown DF. Applying Lean 
methodologies reduces ED laboratory turnaround times. The American 
journal of emergency medicine. 2015;33(11):1572-6. 

39. Hewer E, Hammer C, Fricke-Vetsch D, Baumann C, Perren A, Schmitt AM. 
Implementation of a ‘lean’cytopathology service: towards routine same-day 
reporting. Journal of clinical pathology. 2017:jclinpath-2017-204504. 

40. Umut B, Sarvari P, editors. Applying lean tools in the clinical laboratory to 
reduce turnaround time for blood test results. Proceedings of The IRES 
International Conference, San Francisco, USA, 13th; 2016. 

41. Raab SS, Grzybicki DM, Condel JL, Stewart WR, Turcsanyi BD, Mahood 
LK, et al. Effect of Lean method implementation in the histopathology 
section of an anatomical pathology laboratory. Journal of clinical pathology. 
2008;61(11):1193-9. 

42. Patel KK, Cummings S, Sellin J, Scott L, El-Serag HB. Applying lean design 
principles to a gastrointestinal endoscopy program for uninsured patients 
improves health care utilization. Clinical Gastroenterology and Hepatology. 
2015;13(9):1556-9. e4. 

43. Sugimori Y, Kusunoki K, Cho F, Uchikawa S. Toyota production system and 
kanban system materialization of just-in-time and respect-for-human 
system. The International Journal of Production Research. 1977;15(6):553-
64. 

44. Lander E, Liker JK. The Toyota Production System and art: making highly 
customized and creative products the Toyota way. International Journal of 
Production Research. 2007;45(16):3681-98. 

45. Zarbo RJ, D’angelo R. The Henry Ford Production System: effective 
reduction of process defects and waste in surgical pathology. American 
Journal of Clinical Pathology. 2007;128(6):1015-22. 

46. Rajenthirakumar D, Mohanram P, Harikarthik S. Process cycle efficiency 
improvement through lean: a case study. International Journal of Lean 
Thinking. 2011;2(1):46-58. 

47. Serrano L, Hegge P, Sato B, Richmond B, Stahnke L. Using LEAN 
principles to improve quality, patient safety, and workflow in histology and 
anatomic pathology. Advances in anatomic pathology. 2010;17(3):215-21 

 

http://www.businessdictionary.com/definition/turnaround-time.html
http://www.businessdictionary.com/definition/turnaround-time.html
http://leanmanufacturingtools.org/

