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The use of heat and moisture exchange filter (HMEF) has become a routine standard 
of care in general anesthesia (GA), more so, during the current COVID-19 pandemic 
times. However its routine use, especially in pediatric patients, has several issues. We 
report a case of increased dead space ventilation in a pediatric patient due to the pres-
ence of HMEF. Hypercapnia and its cause was instantly diagnosed with two capnogra-
phy sampling lines placed at two ends of the HMEF.
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Introduction

Use of heat and moisture exchange filter (HMEF) during gen-
eral anesthesia (GA) has been suggested, especially during 
prolonged surgeries to retain the moisture of the expiratory 
gases. Additionally, during COVID-19 pandemic, the use of 
HMEF is recommended between the endotracheal tube and 
the Y-piece of the breathing circuit to prevent aerosol contam-
ination.1 However, it is associated with several problems such 
as increased airway resistance, increased work of breathing, 
dynamic intrinsic positive end-expiratory pressure (PEEP), 
increased dead space ventilation, etc.2,3,4 The problems are 
pronounced in adults with lung diseases and children.

We report a case of hypercapnia due to the presence of 
HMEF in a pediatric patient.

Case Report

A 3-year-old, 10 kg, ASA1, male child was scheduled for a 
biopsy of clival lesion. Preoperatively, anesthesia machine, 
intubation tray, and anesthesia circuit were checked using 
routine protocol. New pediatric breathing circuit and pediat-
ric size HMEF were used for the case.

As the child was uncooperative and crying, intravenous 
(IV) midazolam 0.05 mg/kg and IV fentanyl 2 mcg/kg were 
administered via the already secured IV line outside the 

operating room (OR). When the child calmed down in a 
couple of minutes, he was wheeled into the OR, and preox-
ygenation was started with an appropriately sized mask. IV 
thiopentone 5 mg/kg and atracurium 0.5 mg/kg were admin-
istered, and the airway was secured with a 5 mm cuffed 
endotracheal tube (ETT). The HMEF and two capnography 
sampling lines were connected to the ETT, one distal to the 
HMEF (i.e., at the patient end) on ETT tube adapter with cap-
nography displayed on the workstation monitor, and the 
other connected to the HMEF proximal port and toward the 
machine end with capnograph displayed on a separate mul-
tiparameter monitor (►Fig. 1A). It was noticed that the cap-
nography trace of the sampling line proximal to HMEF was of 
low amplitude with shortened expiratory phase and showed 
lower values. However, capnography trace from the sampling 
line distal to HMEF showed a normal trace with higher values 
(►Fig. 1B). The patient maintained 100% oxygen saturation 
and was hemodynamically stable. Adequate delivery of tidal 
volume was ensured. Equal air entry was heard on all lung 
fields with no wheeze. It was realized that the disparity in 
the capnography sampling readings was due to the presence 
of the HMEF. When the HMEF was removed, and the sampling 
line connected to the HMEF was placed on an adapter and in 
line with the other capnometry sampling line, both capno-
graphs revealed normal traces and equal values (►Fig. 1C, D).  
The surgery was completed uneventfully.
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Discussion
During the prevailing pandemic, apart from the recom-
mended use of HMEF to retain the heat and moisture during 
prolonged surgeries, irrespective of the duration of surgeries, 
use of HMEF is desirable at the patient end and at the expi-
ratory end of the workstation to prevent aerosol dispersion, 
contamination of the OR, and contamination of the work-
station.1 Further, the capnography line is advised to be put 
on the proximal port of the HMEF, to avoid its contamina-
tion.5 However, the use of HMEF is associated with several 
issues such as risk of obstruction, increase in airway resis-
tance, increase in the dead space ventilation, etc. Hypercapnia 
with HMEF use in pediatric patient remains a concern due to 
the dead space ventilation.6 The dead space with pediatric 
sized HMEF is approximately 20 to 25 mL, which can amount 
to 10 to 20% of the tidal volume.7 In our case, we observed 
disparity in the two capnometries (traces and values) in rela-
tion to the HMEF.

Our case highlights the problems which may arise due to 
the presence of an HMEF in the breathing circuit of a pediat-
ric patient.

Several minutes after the induction of anesthesia, the 
abnormal capnography with increased end tidal CO2 reading 
was noticed. Tachycardia was also seen, probably secondary 
to the hypercapnia.

It is noteworthy that two capnography sampling lines, 
which were used, helped in quick detection of hypercapnia, 
thus avoiding the secondary untoward effects of hypercapnia.

Previous literature has shown the presence of statisti-
cally significant difference between the ETCO2 values in the 
machine side and patient side of the HMEF, with the under-
estimation of CO2 values on the machine side.8,9

If we had used only one sampling line, placed at the 
machine end of the HMEF, as a practice advised and observed 
during the pandemic times to prevent the sampling line con-
tamination, we would have missed or delayed the diagnosis 
of CO2 retention which, in turn, could have dreadful impli-
cations in a case of intracranial lesion.5 Furthermore, iden-
tification of the cause of CO2 retention may have been more 
difficult and may have necessitated circuit disconnection 
and AMBU ventilation while checking the circuit patency 
again. This would have caused OR contamination during the  
COVID-19 pandemic. Thus, one must be cognizant of the chal-
lenges of HMEF use and capnometry changes in relation to 
HMEF, especially in pediatric patients. Considering the above 
concerns, it has been recommended that one must maintain 
a low threshold for changing the filter if there are any con-
cerns with respect to the traces or values deviating from the 
normal.6 Although the sampling line contamination remains 
a concern with the distal position of the HMEF, which in fact 

Fig. 1  Shows the initial placement of the two capnography sampling lines on either ends of the heat and moisture exchange filter (HMEF) (A), 
the disparity between the traces and values of the two capnography readings (B), the in-line placement of the two capnography sampling lines 
after removal of the HMEF (C), and normalization (approximately equal) of the traces and values of the two capnography sampling lines (D).
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reflects more accurate capnometry values, use of a microfil-
ter (0.2 um) in the sampling line or near the water trap can 
help circumvent this issue.10

Conclusion
Although the use of HMEF is desired during the current pan-
demic, irrespective of the duration of the surgery, one has to 
be vigilant during its use, especially in the pediatric patient.
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