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Abstract 

We studied the kinetics of C1-inhibitor (C1-INH) and other complement parameters in a self-

limited edematous attack (EA) in a patient with hereditary angioedema due to C1-INH 

deficiency to better understand the pathomechanism of the evolution, course, and complete 

resolution of EAs. C1-INH concentration and functional activity (C1-INHc+f), C1(q,r,s), C3, 

C4, C3a, C4a, C5a and SC5b-9 levels were measured in blood samples obtained during the 

96-hour observation period.  The highest C1-INHc+f, C4, and C1(q,r,s) levels were measured 

at baseline, and their continuous decrease was observed during the entire observation period. 

C4 depletion started at prodromal phase and C4 was lowest after the maximum severity peak. 

Compared to baseline, C4a level was four times higher 7 hours before the onset of the attack. 

C1-INH did not increase after resolution of the attack suggesting that factors other than C1-

INH may be important in this process. C4a may be a useful biomarker for the prediction of 

EAs.  

Key words: complement, edematous attack, hereditary angioedema with C1-inhibitor 

deficiency, kinetic follow-up, prodromal period 
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Abbreviations: C1-INH-HAE= Hereditary angioedema with C1-inhibitor deficiency; C1-

INH = C1-inhibitor; C1-INHc= concentration of C1-inhibitor; C1-INHf= functional activity 

of C1-inhibitor; CV%=coefficient of variation; EA= edematous attack; pdC1-INH= plasma-

derived C1-inhibitor concentrate; VAS= visual analog scale 

 

Introduction  

The pathomechanism and the biological background of the evolution, course, and complete 

resolution of edematous attacks (EAs) in patients with hereditary angioedema with C1-

inhibitor deficiency (C1-INH-HAE) are not completely understood. Their exploration is 

complicated because neither the location, nor the severity of the subsequent edema formation 

can be predicted in advance. In the majority of patients, the onset of edema is often preceded 

by prodromal symptoms; however, these are not always followed by an EA. The most 

objective prodromal symptom of C1-INH-HAE is erythema marginatum (1-3). 

Kinetic monitoring of the factors involved in the pathogenesis of C1-INH-HAE attacks would 

be highly important, however, so far, only pharmacokinetic and pharmacodynamic studies 

have been conducted in C1-INH-HAE, and these did not focus on understanding the kinetics 

of spontaneously resolving EAs (4-6). One of our C1-INH-HAE patients – who usually 

experiences EAs preceded by prodromal symptoms – has volunteered to be studied. This 

allowed our team to follow and document the natural course of an EA. 

Our objective was to observe and describe the evolution of clinical manifestations and the 

changes in their severity, starting from the symptom-free state until the patient became 

symptom-free again. Further, we intended to determine whether a relationship exists between 

C1-INH levels and clinical symptoms. Finally, as C1r/s is exclusively regulated by C1-INH, 
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we analyzed the concentration of several key components of the classical pathway in 

correlation with the clinical symptoms. 

 

Subjects & Methods 

The patient and the control subject 

A 56-year old female patient with C1-INH-HAE type I volunteered to be studied. The patient 

experienced, on average 26 EAs per year over the last two years. Ninety-five per cent of these 

EAs were preceded by erythema marginatum, which was always followed by an attack.  The 

patient experienced the latest EA 9 days before the study; treatment with 1000 IU plasma-

derived, C1-inhibitor concentrate (pdC1-INH, Berinert, CSL Behring) achieved complete 

resolution of the symptoms in 2 days. Three days before the first day of our study, she 

received a further dose of 1000 IU pdC1-INH as prophylaxis, in preparation for a family 

event. The patient has not had any other diseases and did not receive any medicinal products 

during the study. During the complete follow-up period the patient recorded the symptoms, 

using a visual analog scale (VAS; 0-100 mm scale). 

The control subject was a 52-year-old, healthy female volunteer. C1-INH deficiency was 

excluded by complement testing. 

Both subjects gave informed consent in accordance with the Declaration of Helsinki. The 

study protocol was approved by the Hungarian Regulatory Authority (BPR/021/09599-

7/2014).  

Blood sampling 

In total, 12 blood samples were drawn from the patient. One was obtained at baseline, in the 

symptom-free state. The second sample was taken a day later, upon hospitalization; 45 

minutes after prodromal symptoms had been identified by the patient. Subsequently, blood 

sampling was repeated at 6-hour intervals. Four samples were obtained in the prodromal 
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period, and another four during the EA. The patient notified us about the onset of edema, 

therefore we could obtain an extra sample at the beginning of the attack. The penultimate 

blood sample was drawn at the time of complete resolution of symptoms. The final sample 

was obtained also during symptom-free state, a day later. 

We collected blood samples from a healthy control subject at 6-hour intervals (synchronized 

with the sampling performed on the patient) over a 24-hour period in order to have the 

possibility to taking into account the circadian rhythm of the studied parameters. 

All serum and EDTA-plasma samples were stored at −80 °C until processed. 

The determination of complement parameters 

All analyzed parameters were determined using the same unthawed aliquot from each 

subject. All samples were measured in parallel. 

Commercial kits were used to determine the functional activity of C1-inhibitor (C1-INHf) in 

serum as well as the concentration of C3a, C4a, C5a and SC5b-9 in EDTA-plasma (Quidel, 

San Diego, USA) samples. Radial immunodiffusion was performed to measure C1r 

concentration (R&D Systems, Minneapolis, USA). C3 and C4 concentration were measured 

by turbidimetry (Cobas Integra 400 analyzer; Roche, Switzerland). 

The concentration of C1s and C1-INH (C1-INHc) were determined by in-house sandwich 

ELISA-methods using goat and mouse anti-human C1s (Quidel, San Diego, USA and 

Thermo Fisher Scientific, Rockford, USA) as regards C1s, and rabbit anti-human C1-INH 

antibodies as regards C1-INH.  
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Results 

Clinical signs and symptoms   

Nineteen hours before the onset of the EA, prodromal symptoms appeared as nausea, skin 

tension on the thighs and on the left upper arm, then stiffness occurred in the fingers of the 

left hand. The patient experienced erythema marginatum occurred at various locations. The 

prodromal symptoms persisted throughout the EA and resolved (VAS score ≤ 3) 

simultaneously with the edema (Figure 1). 

Edema first occurred on the left hand. Two hours later, the swelling of the hand increased, 

and edema appeared on the right thigh. The severity of the edematous symptoms had peaked 

5.5 to 8.5 hours after onset, and started to improve thereafter. The complete resolution of EA 

(VAS ≤ 3) took 30 hours from onset (Figure 1). A day later, final follow-up visit was 

performed, also during symptom-free state. The patient was monitored for 96 hours 

altogether.  

Complement analysis 

The high resolution kinetics of C1-INHc+f as well as the levels of C1q, C4 and its activation 

product (C4a) along with the level of C3 during the 96-hour observation period in the patient 

as well as during the 24-hour observation period in the healthy control are shown in details in 

Figure 2. 

C1r and C1s concentration (data not shown) exhibited similar kinetics to that of C1q. The 

coefficient of variation (CV%) values measured during the observation period were 12.1 for 

C1r and 19.1 for C1s. In the healthy control subject, C1r and C1s levels did not show 

unidirectional changes, and its fluctuation was smaller (CV%: 8.9 and 14.4 respectively) than 

that seen in the patient. 
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The concentration of C3a, C5a, and SC5b-9 complement activation products in the patient 

did not show increasing tendency, and their levels measured during the observation period 

was lower than that of the healthy control. The CV% values were 20.5 vs. 7.8 of C3a, 15.5 vs. 

7.9 of C5a and 17.9 vs. 21.5 of SC5b-9 (patients vs. control). 

 

Discussion 

This is the most complete follow-up study describing the natural course of an EA in C1-INH-

HAE – from the symptom-free state, until the complete resolution of EA without acute 

treatment. Our unique study describes the prodromal and edematous symptoms and their 

severity separately. This made possible ‘real-time’ exploration of the pathophysiology of the 

EA, by analyzing the monitored parameters together with the underlying clinical events. 

 

Although a correlation between C1-INH levels and the clinical symptoms would appear 

evident (7, 8), so far, only a single study explored the possibility to predict the onset of EAs 

by monitoring C1-INH levels. SPATH et al. theoretically found that if C1-INHc is below a 

critical value (around 0.035 g/L) the onset of an attack has the highest probability (9). In our 

patient, 0.033 g/L C1-INHc was measured at onset of edematous symptoms, which supports 

the above estimation, and it seems that C1-INH level is indeed critical factor in the onset of 

symptoms. On the other hand, as the level of C1-INH remained negligible after the 

spontaneous resolution of the EA, it suggests that the spontaneous resolution of edematous 

symptoms may depend on other factor(s) than C1-INH. 
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Earlier studies suggested that the classical pathway is activated during EAs in C1-INH-HAE 

(10, 11). We showed for the first time that C4 was activated at the onset of prodromal 

symptoms and its level decreased continuously until depletion, whereas the level of C4a 

changed inversely. It suggests that C4a could become a useful biomarker for predicting the 

occurrence of EAs. In our knowledge, such a biomarker is not currently available (12). 

We can suppose a correlation between the course of edema formation, and the changes in C3 

level, because in the healthy control subject, C3 levels did not change much over 24 hours, so 

these changes could not have happened because of the circadian rhythm of C3. We found that 

the decrease of C3 level during the EA was not accompanied by the elevation of C3a, C5a 

and SC5b-9 levels. As the latter were always lower in the patient than in the healthy control 

subject, it appears that the activation of the classical complement pathway is down-regulated 

at the level of C3, and additional complement activation cannot be detected. This finding is 

partly supported by literature data on the comparison of blood samples obtained in symptom-

free periods, or during EAs, however Nielsen et al. have found moderately elevated SC5b-9 

levels during EAs (11, 13).  

Although every EA and each patient might have different characteristics, our findings may 

provide a solid basis for further kinetics research.   

Our findings indicate concomitant impairment of the regulation of further plasma enzyme 

systems controlled by C1-INH (kinin-kallikrein, coagulation and fibrinolytic systems) (14). 

Therefore we plan to follow-up also these systems, in particular those parameters which may 

have potential role in increased vasopermeability and subsequently in the development of 

EAs.  
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Figure legends 

Figure 1. Follow-up of the severity of prodromal (open circles) and edematous symptoms 

(closed circles) during the 96-hour observation period in a C1-INH-HAE patient. White 

background refer to ’during symptom-free period’, light grey background refer to ’during 

prodromal period’, dark grey background refer to ’during edematous attack’ of the patient.  

Figure 2. Kinetic follow-up of C1-INH concentration (C1-INHc) (A), C1-INH functional 

activity (C1-INHf) (B), C1q (C), C4 (D), C4a (E) and C3 (F) in the patient (closed circles) 

during 96-hour observation period and in the healthy control (open circles) during 24-hour 

period.  In the patient C1-INHc+f (A, B) were the highest at baseline, when the patient was 

still symptom-free and both indices continued to decrease throughout the observation period. 

C1-INHc+f did not increase during the improvement, or after the complete resolution of 

symptoms. C1q concentration (C) decreased compared to baseline and did not return to 

baseline even after the complete resolution of symptoms. C4 concentration (D) was the 

highest at baseline, it started to decrease upon the onset of prodromal symptoms, and its 

decline increased during the EA. The trend of the decline did not change even during the 

improvement of symptoms. C4 level had decreased below the detection threshold, and did not 

improve during the remainder of the study period. The concentration of the C4a activation 

product (E) began to increase as early as during the prodromal period. In the seventh hour 
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before the onset of the attack, its value was four times higher than at baseline. C4a level 

stayed high during the edematous attack, it began to decrease during the improvement, and 

returned to baseline upon the resolution of symptoms. C3 level (F) began to fluctuate at the 

onset of prodromal symptoms. Then, during the edematous attack, it declined below the 

reference range parallel with the improvement of symptoms. In the healthy control subject, 

all parameters were stable throughout the observation period. Dotted lines represent the 

reference ranges which are 0.15 to 0.3 g/l for C1-INH concentration, 70 to 110 % for C1-INH 

functional activity, 60-180 mg/l for C1q, 0.15-0.55 g/l for C4 and 0.9-1.8 g/l for C3, based on 

our diagnostic laboratory measurement. For C4a, our laboratory did not have reference range 

because we did not measure this parameter in the routine diagnostics. White background refer 

to ’during symptom-free period’, light grey background refer to ’during prodromal period’, 

dark grey background refer to ’during edematous attack’ of the patient.  
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