K H Ramesh, Ph.D., ABMGG, FACMGG
CLINICAL AND MOLECULAR CYTOGENETICS 

DEPARTMENT OF PATHOLOGY

MONTEFIORE MEDICAL CENTER

CYTOGENETICS CURRICULUM FOR AP/CP RESIDENTS

BLOCK 3: ONE DAY INTRODUCTION TO CLINICAL CYTOGENETICS:
First year Residents are introduced to the Field of Clinical, Cancer and Molecular Cytogenetics

1. Brief introduction to Chromosome and FISH Methodologies
2. Observe Culture Set up, Harvest and GTG Banding and FISH Hybridization
3. Introduction to Chromosome and FISH Microscopy: Capture one metaphase, map and Karyotype with assistance from cytogenetics personnel

4. Exit Conference with Director and/or Supervisor.
FOUR-WEEKS ROTATION SCHEDULE
WEEK 1:  PRENATAL CYTOGENETICS

On day one of this 4-week schedule Residents are given a formal introduction by the Director - K.H. Ramesh and/or Supervisor Mahnaz Zohouri to all the personnel and briefed regarding policies and procedures that are in place in the Clinical Cytogenetics laboratory located at 1635 Poplar Street, 2nd floor, Bronx, NY 10461.  Residents are given a list of reading material with special emphasis on certain chapters that they need to familiarize during their rotation in Cytogenetics.  They are advised that they need to attempt the Cytogenetics 50 question Quiz during their 3rd or 4th week of rotation. They are allowed a maximum of 3 attempts to obtain a minimum of a 70 per cent passing grade.  Microscopy is essential during the entire rotation.  Residents are advised regarding the abnormal cases that will be discussed at the monthly cytogenetics laboratory meeting and encouraged to gather information and present one of these cases on the 4th week of their rotation. At the end of the rotation Residents should submit a log of 10 abnormal cases (covering all areas of cytogenetics including microarray testing). The Case Log Template is located in the designated computer for Residents. Case log entries should begin in the first week of their rotation.
Formal discussion regarding introduction to clinical cytogenetics which includes history, principles, methodologies and the International system of Human Chromosome Nomenclature is given in Week 1. Special emphasis is placed upon pre-natal cytogenetics during the resident's first week rotation. Residents are shown samples of normal karyotypes. They are then encouraged to practice identifying GTG banded chromosomes by preparing several karyotypes, first manually and then on the computerized image analyzer. These karyotypes are checked on a daily basis by the supervisor or senior personnel in the laboratory.

Introduction to amniotic fluid, chorionic villi sampling (CVS) and products of conception (POC) accessioning using our LIS, culture, harvesting, and banding begins from day 2 of Week 1.  Senior cytogenetics personnel are involved in showing these techniques to residents under the guidance of the lab supervisor. At the end of the week, discussions are held with the Director regarding reporting and their rotation during this week.

WEEK 2: PERINATAL CYTOGENETICS

Residents are briefed on peripheral blood cytogenetics by the supervisor and/or one of the senior cytogenetics personnel.  Special emphasis is placed upon the relevance of certain common syndromes including micro-deletion syndromes.  Residents are advised to familiarize themselves, by reading pertinent chapters from the list of reading material.  A senior cytogenetic technologist will guide them through all the techniques involved in setting up peripheral blood cultures, harvesting and GTG-banding procedures under the guidance of the Director and/or supervisor.  During this week residents are encouraged to set up a culture of their own blood and the process to create a karyotype.  Residents are assisted in identifying chromosomes under the microscope during their 2nd week of rotation.   At the end of the week, discussions are held with Dr. Ramesh regarding interpretive reporting and progress of the bench-work and microscopy skills.

WEEK 3: CANCER CYTOGENETICS

Introduction to cancer cytogenetics begins on day 1 of Week 3.  The current International system for Human Cytogenetic Nomenclature (ISCN) is touched upon.  Several important manuscripts and text books are given to the residents for extensive reading in order to become familiar with characteristic chromosome abnormalities that are associated with the diagnosis and prognosis of malignant diseases.   Residents are advised to contact the Hem path Fellow who will be presenting the abnormal and interesting leukemic/lymphoma cases at the Monthly Combined Flow Cytometry/Cytogenetics conference that is held at the Moses division.  Residents should perform a literature search, study and present the cytogenetic findings at this conference. Residents are also advised to correlate flow cytometry, and hematopathology results with the cytogenetic findings of the leukemia/lymphoma cases that will be presented at this conference.  During the middle of this week residents are advised to attempt the cytogenetics quiz for the first time.
A senior cytogenetics technologist will walk them through the techniques involved in cancer cytogenetics, which includes culturing, harvesting and banding of bone marrow, unstimulated peripheral blood and solid tumor specimens under the guidance of the Director and/or supervisor.  At the end of the week, discussions are held with Dr. Ramesh regarding interpretive reporting, their performance in the cytogenetics quiz and technical skills acquired in their rotation so far.

WEEK 4: MOLECULAR CYTOGENETICS (FISH & aCGH)
Dr. Ramesh and/or supervisor will introduce the residents to Fluorescence In Situ Hybridization (FISH) and Microarray (aCGH) techniques employed to detect Copy Number Variants (CNV), trisomies and monosomies in all patient specimens and the use of repetitive and unique sequence probes to detect and resolve complex chromosome anomalies in peripheral blood, bone marrow, and solid                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      tumor specimens.  Reading material is given prior to Residents' observing and performing the FISH/microarray techniques themselves.  Two senior technologists will assist and walk residents through all molecular cytogenetic techniques.
Residents are expected to perform FISH analysis by using at least one DNA probe on any specimen of their choice, and report their findings after screening is completed.  In addition, the resident is expected to report one abnormal microarray result with FISH and chromosome analyses of at least one interesting patient/patients cases.

Residents are expected to give a 45 minute presentation on a Cytogenetics topic during this week of their rotation. Residents are advised during this week to attempt the cytogenetics quiz again, if required.  At the end of the week, discussions are held with Dr. Ramesh regarding interpretive reporting of FISH results, their performance in the cytogenetics quiz and other skills acquired during their rotation.  Dr. Ramesh will hold the final exit conference which consists of a few questions to determine their level of competency once the rotation is finished. 

LIST OF CLINICAL CYTOGENETICS READING MATERIAL (available in the Cytogenetics lab)

1. An International System for Human Cytogenetic Nomenclature (ISCN): 2016, Eds, J McGowan-Jordan, A Simmons, M Schmid. Karger Publication.
2.  Cancer Cytogenetics.  Chromosomal and Molecular Genetic Aberrations of Tumor Cells.  1995, 2nd edition. S.        Heim and F. Mitelman. Wiley-Liss.

3.  Catalog of Chromosome Aberrations in Cancer.  1994, 5th edition, F. Mitelman,  Wiley-Liss.

4.  The Chromosomes in Human Cancer and Leukemia.  1992, 2nd edition, Avery A Sandberg, Elsevier.

5.  Human Molecular Cytogenetics.  1999, 2nd edition , T. Strachan and AP. Read, Bios.

6.  The Principles of Cytogenetics.  1999, S.L. Gersen and M.B. Keagle, Humana Press.

7.  The AGT Cytogenetics Laboratory Manual. 1997, 3rd edition, M.J. Barch, T. Knutsen and J.L. Spurbeck, Lippincott-Raven.

8.  Recognizable Patterns of Human Malformation.  1997, 5th edition, K.L. Jones, W.B. Saunders.

9.  Genetic Disorders and the Fetus.  1998, 4th edition, A. Milunsky, Johns Hopkins press.

10.  Genetics in Medicine.  1999, 6th edition, M.W. Thompson, R.R. McInnes and H.F. Willard, W.B. Saunders.

11.  Chromosome abnormalities and Genetic Counseling.  2004, 3rd edition, R.J.M. Gardner and G.R. Sutherland, Oxford press.

12.  The Ultimate Fishing Guide:  Sample preparation and Application protocols.  1996, Oncor Inc.

13.  Current Published manuscripts related to Prenatal, perinatal, cancer and Molecular cytogenetics.

A dedicated computer is available in the laboratory (Room # 400), to the Residents for literature search using the internet, and to prepare power point presentations.

Useful URLs:

http://www.genenames.org/
http://atlasgeneticsoncology.org/
https://www.acmg.net/
https://genome.ucsc.edu/
FELLOW AND RESIDENT TRAINING PROTOCOL IN CLINICAL and MOLECULAR CYTOGENETICS
I actively participated in the Department of Pathology Committee that is responsible for laying out the standards and guidelines and the Training Protocol for fellows and residents of the Department. The Training Protocol for fellows and residents who come for  the Clinical and Molecular Cytogenetics Laboratory.
Skill/Performance


Description

PATIENT CARE

Case Quality Control Review -
Resident/Fellow determines if appropriate cytogenetics  


            FISH testing is specified based on suspected 





diagnosis at time of case entry.

Determine normal/abnormal 

Resident/Fellow screens cases under microscope or actual 
diagnosis.


Patient folder, to evaluate the presence or absence 





of chromosome abnormalities and must demonstrate 




ability to detect classic abnormalities, such as Ph+ 





CML.

Follow-up of abnormal findings
Resident/Fellow must determine if further  

                                                            Cytogenetic or FISH testing is warranted in such 

                                                            Cases, Fellow must propose use of additional FISH 

                                                             panels if needed, and to interpret final results. 

Report preparation


Resident/Fellow prepares preliminary report based 

                                                            on all cytogenetic and FISH information of patient 

                                                            with abnormal findings.

MEDICAL KNOWLEDGE

Patient Case Log


Resident/Fellow prepares log of 10 interesting cases 

                                                            followed during rotation.

Cytogenetics Quiz


Computer-based multiple choice test performance

Cytogenetic/Hemepath

Resident/Fellow presents information regarding
presentation                             interesting patient cases in each area.

PRACTICE BASED LEARNING AND IMPROVEMENT

Lab staff presentation


Resident/Fellow selects and presents interesting 

                                                            case to 
cytogenetics lab staff for continuing          

                                                            education credits and prepares quiz to test staff on 

                                                            presentation.

Participate in CAP


Resident/Fellow participates in all ongoing and past proficiency exams.


proficiency exams

Identify chromosomes.

Resident/Fellow learns to identify and prepare  

                                                            karyotypes of normal and abnormal patient cases.

Cytogenetic/FISH nomenclature.
Resident/Fellow learns to understand and write an 

                                                             appropriate short hand nomenclature to accurately 

                                                             identify chromosome rearrangements/alterations 

                                                             and make a diagnosis.

Process own blood (optional)

Resident/Fellow demonstrates new knowledge skills 

                                                             to process blood from culture, harvest, screening,   

                                                             and karyotype preparation on computer image 

                                                             analysis system.

INTERPERSONAL AND COMMUNICATION SKILLS

Presentation skills


Resident/Fellow is able to effectively present cases 

                                                            of interest to different audiences, i.e., residents, 

                                                            clinicians and technologists.

Cooperative



Resident/Fellow is responsible, is open to learning 

                                                             new techniques, responds and communicates in 

                                                             positive manner with staff.

PROFESSIONALISM

Lab meeting attendance

Resident/Fellow regularly attends staff conferences, 

                                                            held every other week.

Conference attendance

Resident/Fellow regularly attends other medical 

                                                            conferences as required.

Responsible



Resident/Fellow takes on all duties as assigned, is 

                                                            independent, and is reliable in completing tasks in 





timely manner.

Sensitive to patient needs

Resident/Fellow maintains patient confidentiality, is 

                                                            committed to ethical principals in discussing patient 




cases, is responsive to all patients despite      

                                                            differences in culture, gender, disability, etc.

SYSTEMS BASED PRACTICE

Understand cytogenetic based

Resident/Fellow demonstrates an understanding of 

information                                         cytogenetic/FISH testing in association 

                                                            with disease process, diagnosis, treatment and in 

                                                            some cases, prognosis.

