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 30-35min presentation (30 slides max)  + 15 min Q&A session

 Microphones will be muted by host to avoid back noise

 Please, stop your video to improve internet conexion

 Send your questions during the presentation through the chat, they will be 

gathered and answered after the presentations.

Practical issues before starting



 Pathophysiology and phenotypic variability of PK deficiency 

 Diagnostic approaches to PK deficiency

 The genotype-phenotype correlation  in PK deficiency  

Learning objectives of the webinar



PKD Clinical Heterogenity 

Case 1

Man 75 yrs
Diagnosis 31  yrs (1975) 
Hb 12.5 g/dL
Retic 123 109/L
Serum ferritin 810 ul/L
Splenectomy    No 
Transfusions     No
HFE genotype H63D/wt

Zanella et al, 2001

PKLR genotype c.1675T/c.1456T



PKD Clinical Heterogenity 

Case 2

Male 1 day
Diagnosis at birth 
Death at birth 
Hb 8,9 g/dL
Retic na
Serum ferritin >4000 ul/L
ExTx Yes

Fermo et al, 2005
PKLR genotype
c.409G>A/c.283+1914_1434del



Al-Samkari H, et al, The variable manifestations of disease in pyruvate kinase deficiency and their management. 
Haematologica. 2020 

PKD Clinical Heterogenity 

Case 3

Male, 17 yrs
Diagnosis 13 yrs
Previous diagnosis CDAII (SEC23B normal) 
Hb (birth) 8 g/dL
Hb (1 month) 3g/dL
TX 2U/mo
Splenectomy 8 yrs 
Hb (post splen)  8.1g/L
TX  (12 yrs) 2U/mo

Fermo et al, 2005

PK activity 6.0 IU/gHb (11.9-16.7)
PKLR genotype c.1528C>T/ c.1528C>T
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The Embden-Meyerhof Pathway

In Red Blood Cell glycolysis is the main  source of  
metabolic energy: 

To  keep the iron of hemoglobin in the functional 
form 
To maintain intracellular ions  concentration 
To protect from oxydative stress
To maintain the red cell  shape
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PK deficiency pathophysiology

Mutation in PKLR gene

PK activity
PK instability

Inefficient glycolysis
ATP generation

RBC membrane integrity /deformability 
Premature removal from the circulation

Extravascular hemolysis
Chronic hemolytic anemia 



PK Deficiency: Genetics

Derived from Israelsen and Semin (2015).

• The PKLR gene is located 

on chromosome 1(1q21)

• Transcription of PK tissue-

specific promoters yields 

PKR and PKL

• The cDNA of PKR is 2060 

bp long and codes for 574 

amino acids

• PKR is expressed 

exclusively in red blood cells



PKLR gene  

Bianchi and Fermo, Haematologica 2020 



 The most common glycolytic defect causing non-spherocytic 
hemolytic anemia

 Autosomal recessive inheritance pattern
 World-wide distribution
 Heterogeneous  clinical presentation

Zanella, et al. 2007;  Grace, et al  2018, Iolascon A et al 2017, Al-Samkari et al 2020

Clinical presentation  and complications  

PK deficiency: a rare form of congenital hemolytic anemia 



Hum Hered 1992;42:179–183

PKD genetic prevalence:
1:20.000 

PKD prevalence in different 
provinces of Quebec:

1:51,000-1:454,000

PKD prevalence in Northern EU 
populations:

1:300,000

How rare is PK deficiency? 

Beutler & Gelbart, 2000; De Medicis et al,  1999; Carery  et al 2000 



The  prevalence of clinically diagnosed PK deficiency is likely 
between 3.2 and 8.5 per million in Western populations, while 

the prevalence of diagnosed and undiagnosed PK deficiency 
could possibly be as high as 51 per million.

~5-15-fold difference between genetic estimates and diagnosed cases

Secrest et al, Eur J Hemato l 2020;105:173–184.  
EurobloodNet surveys – White Book, ENERCA reccomendation  



 Recessive transmission 
 Lack of knowledge of the disease: 
“The diagnosis of PK deficiency is made only when the physician considers the 
possibility and has red cell enzyme assays performed.” (E. Beutler)

Heterogeneous clinical phenotype  (mild forms  - intrauterin death?) 

 Technical problems: - Recent transfusions
- WBCs/platelet contamination 
- Increased reticulocyte number 
- Variants  displaying  in vitro normal enzyme 

activity 

Factors influencing diagnosis



“45.5% of the probands originally classified as CDA exhibited a conclusive diagnosis of 
chronic anemia due to enzymatic defects, mainly due to mutations in PKLR gene.”

“Genetic diagnosis was achieved in 13 out of 21 patients (62%). Six patients were diagnosed 
with pyruvate kinase deficiency (28,5%). The mean lag time from presentation to diagnosis was 
over 13 years.”

Is PK deficiency misdiagnosed / underdiagnosed?



Global PK deficiency  International expert  group (2016)
(24 experts from 20 different Expert Centres )

Survey  on diagnostic methodologies

Forum discussion  
7 Centres from EU, 5 from USA,  and 1 from  Asia

Consensus diagnostic recommendations 
Algorithm for the diagnosis of PK deficiency



Recommendation Evidence

Clinical presentation PK deficiency may be suspected in:

- patients with variable chronic anaemia and/or splenomegaly and/or

jaundice, with normal or near-normal red cell morphology.

- transfusion dependent cases of unknown aetiology

- haemolytic patients with unexplained severe neonatal indirect

hyperbilirubinemia

- presence of high reticulocyte number in splenectomised patients with no

diagnosis

Mean: 95%

Median:

100% (75-100) 

Clinical data -Information on clinical history (both recent as well as from infancy, ie

neonatal jaundice), family history should always be requested together with

samples, as well as the time of last blood transfusion

Mean: 98.6%

Median:100% 

(90-100)

Laboratory data 

(mandatory in bold) 

-Complete blood count

-RBC morphology

-Markers of haemolysis (reticulocyte count, LDH, unconjugated bilirubin,

haptoglobin1.2)

Mean: 97%

Median:100% 

(90-100)

Differential diagnosis Acquired haemolytic anaemia, membranopathies, CDAs, unstable

haemoglobins, red cell enzymopathies other than PK deficiency should be

excluded (See Figure 5)

Mean: 92.1%

Median:

100% (50-100)

Bianchi  et al,  AJH 2018





Biochemical testing
Reference test for 

biochemical assay

RBC PK activity assay by spectrophotometry (Beutler, 84) Mean: 98.7%

Median:    100% (80-100)

Storage time of sample PK enzyme assay may be considered stable at 4°C until up to 21 days after

collection3. A maximum of 14 days storage is recommended if PK activity is

related to HK activity due to different stability of HK activity

Mean:      95%

Median: 100% (80-100)

Sample anticoagulant ACD; EDTA, CPD, Heparin could be considered for the enzyme assay (Beutler,

84):

EDTA is the main anticoagulant used in daily practice.

Mean:      100%

Median:   100%

Sample preparation Purification on a-cellulose/microcrystallinecellulose column is recommended.

Buffy coat removal may be considered as an alternative.

PK enzyme activity cannot be performed on whole blood

Mean:      96.7%

Median:   100% (80-100)

Reticulocytes interference Reticulocyte number must be taken into account when interpreting results of

PK enzyme assay, particularly when of low-normal PK activity levels.

Results could be compared with enzyme activities obtained from a control

sample with the same degree of reticulocytosis, or by calculating the ratio of PK

activity to another cell age dependent enzyme (e.g. hexokinase).

Mean:      96.1%

Median:   100% (70-100)

Interference of donor red 

blood cells

The enzyme assay should be performed as far as possible after a red cell

transfusion. The laboratory should record the time since transfusion. A

minimum of 50 days from last transfusion is considered a “safe” period for

testing of PK activity, leading to an estimated donor RBC contamination of

about 7-14%. Results of enzyme activity need to be interpreted with caution in

transfused patients4
.

Mean:     96.9% 

Median: 100% (60-100)

Confirmatory tests In case of decreased PK activity, sequencing of PKLR gene is highly

recommended to confirm the diagnosis

Mean:     88.3%

Median:  100% (10-100)

Laboratory diagnosis of PK deficiency  



Laboratory diagnosis of PK deficiency – WBC influence 



Laboratory diagnosis of PK deficiency – Influence of reticulocytosis

Jansen et al. Br J Haematol 1985; 61: 51-59

Slides by  R. Van Wijk ,  UMCU, NL  



Molecular testing

Indication -Molecular testing is highly recommended to confirm a suspected case of PK

deficiency based on decreased enzyme activity.

-Molecular testing of PKLR gene by Sanger is suitable for patients with

(relatively) decreased PK activity

- Use of NGS panels is a reliable alternative method for diagnosis of PK

deficiency. It is particularly relevant for:

- neonates (if family study is not available)

- transfusion dependent patients/recently transfused patients

- samples with prolonged shipping times

Mean: 91.2%

Median: 100% 

(10-100)

PKLR genotype 

discrepancies 

In case of genotype discrepancies (patients with suspected PKD and one or

none mutations detected) further investigation are required:

-Assays for detection of large deletions

-Re-evaluation of other causes of haemolysis by specific tests or NGS platform

In absence of any mutation and decreased PK activity:

- NGS tools or, KLF1 gene mutations should be considered

Mean: 92.5%

Median:   100% 

(40-100)

Laboratory diagnosis of PK deficiency – Molecular testing   



Zanella, et al. 2007; Kanno, H., et al. 1991. Bianchi et al, 2020  

R486W
R510Q

R479H

Lezon-Geyda K, Rose MJ, McNaull MA, et al. Pklr Intron Splicing-Associated Mutations and Alternate Diagnoses Are

Common in Pyruvate Kinase Deficient Patients with Single or No PKLR Coding Mutations. ASH Meeting 2018

Laboratory diagnosis of PK deficiency – Molecular testing   

Unknown intronic variants



Laboratory diagnosis of PK deficiency – NGS    

Svidnicki et 

al, 2018

Jamwal et al , 

2020

Qin et al, 

2020

Kedar et al, 

2019

Shefer 

Averbuch, 

2018 

Russo R,  et la 

2018

Roy et al, 

2016

Bianchi  et al,  Haematol, 2020





Genotype-Phenotype Correlation and Molecular Heterogeneity

Bianchi  et al,  AJH 2020



Grace, 2018;  Bianchi et al,  AJH 2020

Genotype-Phenotype Correlation 

No response 

(Hb <8 g/dl)

n=31

Partial response

(Hb 8-<11 g/dl)

n=110

Complete response

(Hb ≥11 g/dl)

n=7

p

Genotype

M/M

M/NM

NM/NM

29%

32%

39%

59%

26%

16%

100%

0%

0%

0.0017

0.0005

0.5

Response to splenectomy



Perinatal Course and Pregnancy Outcomes of Patients by PKLR Mutation Type

Missense/Missense

N=113 patients

Missense/
Non-Missense
N=52 patients

Non-Missense/
Non-Missense
N=30 patient

P value**

Characteristics n n n

Perinatal 

Complications/Treatment
In utero transfusions

Hydrops 
Exchange transfusion

28/100 (28%)

12/26 (46%)
3/26 (12%)
34/80 (42%)

15 /48 (31%)

8/15 (53%)
5/14 (36%)

17/40 (43%)

11/28 (39%)

4/10 (40%)
1/11 (9%)

9/21 (43%)

0.26

1
1
1

Pregnancy 
Outcomes/Management

(data presented per 
pregnancy)*

Normal birth - Full-term
Pre-maturity

Transfusions during 
pregnancy

n=29 pregnancies*
16 female patients

20/29 (69%)
3/29 (10%)
9/21 (43%)

n=13 pregnancies*
6 female patients

8/13 (62%)
0/13 (0%)
3/6 (50%)

n=7 pregnancies*
3 female patients

5/7 (71%)
2/7 (29%)

5/5 (100%)

1
0.24

0.043

Genotype-Phenotype Correlation 

Grace et al, 2018;  Bianchi et al,  AJH 2020



Safety and Efficacy of Mitapivat in Pyruvate Kinase Deficiency

Genotype-phenotype correlation  and new drugs 

Grace et al,  NEJM 2019



Van Straaten, et al, Haematol,  2018 Bianchi  et al,  Haematol  2020

Genotype-phenotype correlation   in  patients underwent  BMT 



Slides by Barbara de la Salle– UK-NEQAS

External Quality Assessment scheme for PK activity assay





1. PKD diagnosis: to monitor complicances; to have access  to new therapies 

2. 2. Biochemical testing and molecular characterizaton are complementary 

approaches, not  alternative 

3. Always consider differential diagnosis

4. Careful costs/benefits evaluation before chosing  the diagnostic approach 

Take home messages

Biochemical assay: 
€ / 2 hours

Other laboratory tests
to exclude other conditions

NGS: 
€€-€€€ / 15-30 days

Diagnosis of wide spectrum of defects


