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Results

In all patients (eight: mean age 32.6±13.2), at least one relevant variant allele was found. Five of the eight patients 

(62%) displayed a combination of variant alleles, compared with 43% (74/173) in healthy volunteers (Table 1). 

Conclusions

• In the presented cases diffuse alveolar hemorrhage (DAH) due to inhalation of toxic fumes appeared to be associated with

VKORC1, CYP2C9, and CYP2C19 polymorphisms. 

•  In cases of unexplained DAH, genotyping for these polymorphisms is recommended.

• An indepth and thourough patient history is very important.

•  Stopping the (unprotected) exposure is mandatory.

•  Vitamin K supplementation is recommended to counteract the anticoagulation effect and anti-oxidants

to avoid irreversible damage.
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Association of diffuse alveolar hemorrhage with VKORC1, CYP2C9, and CYP2C19 polymorphisms

Background

The lungs can be an efficient means for the absorption of inhaled toxicants, resulting in airway and pulmonary injury 

or systemic toxicity. In industrialized countries, inhalational exposures (occupational or environmental) to various 

toxicants are commonplace. Many inhaled chemicals are not hazardous as such, but are biotransformed to reactive 

intermediates. Unfortunately, the varied presentations result in a nonspecific clinical syndrome and make diagnosis 

somewhat difficult. A detailed history becomes even more important in such patients. Understanding the 

mechanisms of inhalation injury and occupation- or situation-specific toxicants can simplify the decision-making 

process for the out-of-hospital emergency responder and the emergency physician when confronted with a patient 

and the myriad of potential inhaled toxicants.1

Diffuse alveolar hemorrhage (DAH, Figure 1-3) can be a life-threatening complication. DAH results in accumulation of 

iron in the lungs and, in turn, iron causes oxidative stress and inflammation. Oxidative damage is suggested to play a 

role in the pathophysiology of various diseases.2 It is important to recognize DAH in an early stage to avoid 

irreversible damage. Recently, we found that DAH is associated with vitamin K epoxide reductase complex 1 

(VKORC1) and cytochrome P450 CYP2C9 and CYP2C19 variant alleles in patients using oral anticoagulation therapy.3

Paint thinner, turpentine, textile protector, and/or cleaning product fumes can also work as so-called superwarfarin.

In previous studies inhalation of cleaning product fumes, leather conditioner, turpentine, thinner, and hydrocarbons 

has been associated with oxidative stress, lung injury and DAH.4-8 Vitamin K supplementation is recommended to 

counteract the over-anticoagulation effect of coumarins, and in cases where (inhaled) toxins act as superwarfarin.9

Aim

We hypothesized that DAH, after inhalation of (toxic) agents with coumarin-like anticoagulation properties, might 

also be associated with these aforementioned polymorphisms.

Methods

For genotyping CYP2C9*2 (C430T), CYP2C9*3 (A1075C), CYP2C19*2 (G681A), CYP2C19*3 (G636A), VKORC1 (G-1639A),

and VKORC1 (C1173T) single nucleotide polymorphisms, real-time PCRs were performed.

Figure 1. Chest X-ray (A) and high resolution CT-
scan (B) of a patient suffering from diffuse 
alveolar hemorrhage (DAH) showing widespread 
ground-glass attenuation.
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Figure 2. Bronchoalveolar lavage (BAL) fluid 
with macroscopic blood (C) and Perls’ stained 
BAL fluid cells (D). Positive iron stained cells 
are bright blue whilst others remain pink.

Pat age m/f
CYP
2D6 

CYP
2C9

CYP
2C19 VKORC1 cause treatment

1 35 m *1/*4 *1/*2 *1/*1 TT AA cleaning products prednisone/N-acetylcysteine

2 56 m *1/*1 *1/*2 *1/*2 CC GG paint/thinner prednisone/N-acetylcysteine/vit K

3 45 f *1/*4 *1/*1 *1/*1 TT AA turpentine prednisone/N-acetylcysteine/vit K

4 19 m *4/*4 *1/*2 *1/*1 CC GG paint/thinner/textile protector exposure stop

5 37 m *1/*1 *1/*1 *1/*3 CC GG paint/thinner/textile protector exposure stop/prednisone

6 28 m *1/*1 *1/*3 *1/*1 CT GA paint/thinner/textile protector exposure stop

7 21 m *1/*1 *1/*1 *1/*2 CT GA paint/thinner/textile protector exposure stop

8 20 m *1/*1 *1/*3 *1/*1 CT GA paint/thinner/textile protector exposure stop

Table 1. Summary of patient characteristics and genotyping results.

Figure 3. Acute phase of DAH (E, F) : alveolar 
walls with interstitial oedema, congested 
capillaries, and hyaline membranes with 
regenerating alveolar epithelium underneath.

(*1/*1 and CC/GG are fully functional enzymes) 

All patients resolved completely after terminating the exposure and additional appropriate treatment in four cases. 
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