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Objective: To determine the frequency of hypercapnia with normal 

pulse oximetry during the post-anesthetic period in patients undergoing 

surgery with general anesthesia.  

Material and methods: A longitudinal, prospective, observational and 

analytical study was conducted in patients under informed consent, not 

obstetric, undergoing general anesthesia in the HGEJBO, using non-

invasive methods to measure carbon dioxide at the end of expiration 

(EtCO2) and determine the frequency of hypercapnia in the post-

anesthetic period.  

Results: The study was performed with a total of 44 patients whose 

minimum age was 15 years, maximum of 84 and average of 43.2 ± 18 

years. Of these, 36.4% (n = 16) were males and 63.6% (n = 28) 

females. Of the total sample, 13.6% (n = 6) presented hypercapnia in 

the postoperative period. No statistically significant correlations were 

found between the variables.  

Conclusions: A significant percentage of patients undergoing general 

anesthesia presented hypercapnia with normal pulse oximetry in the 

postoperative period. This scenario of perioperative risk is not 

specifically considered in conventional postoperative management, and 

there are even possibly precipitating conditions derived precisely from 

such management. It is suggested to seriously consider the inclusion of 

carbon dioxide monitoring in procedures performed under general 

anesthesia. 

 
                 Copy Right, IJAR, 2018,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
Respiratory insufficiency (IR) can be defined as the inability to perform gas exchange due to the inadequate function 

of one or more essential components of the respiratory system
1
, and although it is necessary to mention that it is not 

Corresponding Author:-Betty Sarabia Alcocer. 

Address:-Faculty of Medicine of the Autonomous University of Campeche. 

 

http://www.journalijar.com/


ISSN: 2320-5407                                                                                    Int. J. Adv. Res. 6(12), 507-513 

508 

 

the only definition that currently exists or that has existed in history recent
2
, if it is one of those with the most 

validation and consensus. There are also several classifications to catalog their variants
3
, for example: type 1, or 

hypoxemic (PaO2 <8 kPa, normal range 10-13.3 kPa) without hypercapnia, and type 2, or with hypercapnia 

(PaCO2> 6.5 kPa) 
4
, being this last of particular importance in anesthesiology, especially in the perioperative setting 

and in the medical management of pain based on opiods
5,6

 and other medications that interfere with respiratory 

function to a lesser extent in relation to these
7
. 

 

In the practice of anesthesiology a great variety of drugs are used, which intervene with the respiratory function and 

its regulation mechanisms, especially in the procedures performed under general anesthesia and deep sedation; 

opioids, sedatives, hypnotics, inhaled anesthetics and neuromuscular relaxants
8
 are some examples of drugs that can 

predispose to the appearance of different types of respiratory failure
9
, and therefore to respiratory acidosis, cerebral 

edema and other important disorders, including coma and heart failure. death. The measurement of parameters that 

evaluate this function is essential to identify and manage early complications of respiratory origin, so it is not 

surprising that the monitoring of CO2 and O2 during the trans-anesthetic period of procedures under general 

anesthesia and deep sedation is strongly recommended
10,11

. In turn, during the post-anesthetic period, pulse 

oximetry, electrocardiogram, non-invasive blood pressure (NIBP) and the administration of supplemental oxygen 

are accepted forms of monitoring and management
10

, with the idea of assessing in an integral way the state of the 

patient and decrease the risk of complications; highlighting pulse oximetry and oxygen administration, as safety 

measures against complications of respiratory origin. 

 

Currently, in first world societies, the emergence of a trend that highlights the inclusion of capnography from the 

moment of induction to complete post-anesthesia recovery
12

, including procedures cataloged as outside of the 

operating room
13

. It is a phenomenon that has not yet been reproduced in our environment, as the risk mitigation 

capacity and potential resource savings described in other countries have not been recognized. 

 

The Official Mexican Standard for the practice of anesthesiology,
10

 and the guidelines of the American Association 

of Anesthesiology
11

, do not consider mandatory the monitoring of CO2 in the post-anesthetic period of patients 

undergoing anesthetic-surgical events under general anesthesia or deep sedation, despite the fact that hypercapnia is 

a well-recognized fact of respiratory failure and that by itself it can be associated with an increased risk of admission 

to the intensive care unit and mortality
14,15

. On the other hand, the omission of monitoring by capnography can form 

a scenario prone to complications of respiratory origin and that is also related to morbidity and mortality in intensive 

care units
16,17

, still little recognized and described in anesthesiology, but for which There are some reports of 

complications associating unrecognized hypercapnia in a timely manner, precisely during the post-anesthetic period, 

with severe complications of respiratory origin, such as the one reported in 1998 by Ayas et al.
18

, who describe a 

case of "apneic oxygenation", in which a 75-year-old woman who underwent hip arthroplasty under general 

anesthesia developed severe hypercapnia in the post-anesthetic period, followed by severe respiratory acidosis and 

coma, even when the pulse oximetry was within the physiological range (hypercapnic respiratory failure). 

 

Material And Methods:- 
Type of study: Longitudinal, prospective, observational and analytical. Universe: Patients admitted to the operating 

room at the HGEJBO of Campeche during the first semester of 2017. Sample: Patients admitted to the operating 

room, underwent general anesthesia and were candidates for observation in the Post-anesthetic Care Unit (PACU), 

in the period of time established. Sample size: 44 patients were obtained in total. Statistical analysis: The data were 

analyzed by descriptive statistics with the SPSS program, reporting absolute (n) and relative (%) frequencies. The 

associations between variables were made with X2 and, where appropriate, Fisher's exact test (for values less than 

5). The significance value was p <0.05. 

 

Results:- 
A total of 44 patients with a minimum age of 15 years and a maximum age of 84 were included, with an average of 

43.2 ± 18 years. Of these, 36.4% (n = 16) were male and 63.6% (n = 28) were female; 8 cases were eliminated 

because they presented exclusion criteria and / or inconsistencies at the time of sampling. The predominant 

characteristics of the sample according to the general variables used can be summarized as follows: 

1. 70.5% (n = 35) classified as ASA 2. 

2. 75% (n = 33) scheduled for elective procedures. 

3. 61.4% (n = 27) intervened in major surgeries. 
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4. 61.4% (n = 27) in charge of the surgery service. 

5. 23% (n = 53) with surgery in the abdominal area. 

 

Table 1 shows the results of the main variables studied. It can be seen that of the sample of 44 participants, 13.6% (n 

= 6) presented hypercapnia in the postoperative period. 

 

Table 1:-Description of the participants (N = 44) according to different general variables. 

Variables n % 

 

Sex 

Female 28 63.6 

Male    16 36.4 

 

ASA 

1 9 20.5 

2 31 70.5 

3 4 9.1 

Type of procedure Elective 33 75.0 

Urgency 11 25.0 

Tipo de surgery Minor 17 38.6 

Major 27 61.4 

 

 

Service in charge 

Surgery 27 61.4 

TyO 9 20.5 

Neurosurgery 2 4.5 

Ophthalmology 3 6.8 

Oncology 2 4.5 

Maxillofacial 1 2.3 

 

 

Anatomical location of the 

procedure 

Abdomen 23 52.3 

Head and neck 10 22.7 

MsTs 5 11.4 

MsPs 4 9.1 

Tórax 1 2.3 

Genitalia and Perineum 1 2.3 

 

EtCO2 

Without hypercapnia 38 86.4 

With hypercapnia 6 13.6 

 

Of the 6 patients who presented hypercapnia, 50% (n = 3) was classified as ASA 1 and another 50% as ASA 2; none 

of the cases was classified as ASA 3. 66% (n = 4) occurred in elective cases of minor surgery, 50% (n = 3) in head 

and neck procedures, mainly in patients in charge of ophthalmology services and oncology in equivalent percentages 

(33%, n = 2, respectively) (see Table 2). 

 

Table 2:-Description of the participants with hypercapnia (N = 6) according to different general variables. 

Variables n % 

 

Sex 

Female 3 50 

Male 3 50 

 

ASA 

1 3 50 

2 3 50 

3 0 0 

Type of procedure Elective 4 66.7 

Urgency 2 33.3 

Type of surgery Minor 4 66.7 

Major 2 33.3 

 

Service in charge 

Ophthalmology 2 33.3 

Oncology 2 33.3 

Surgery 1 16.7 

TyO 1 16.7 

Anatomical location of the 

procedure 

Head and neck 3 50 

Abdomen 1 16.7 
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Chest 1 16.7 

MsTs 1 16.7 

 

The analysis by descriptive statistics of the cases with hypercapnia shows that in the initial measurement of the 

RASS (or "RASS" English "Richmond Agitation-Sedation Scale") there are corresponding qualifications for 

drowsiness (-1), mild sedation (-2) and sedation moderate (-3) in equal percentages (33.3%, n = 2). In the follow-up 

measurement, all cases were scored with scores greater than -3 (-2, -1, 0 and +1), with 67.7% (n = 4) corresponding 

to patients with mild sedation (-1) (Table 3 ). 

 

Of the patients without hypercapnia, the vast majority had RASS equivalent to mild sedation (-1), with 71.1% (n = 

27) in the initial measurement and 73.7% (n = 28) in the follow-up measurement. The 7.9% (n = 3) presented RASS 

equivalent to moderate sedation in the initial measurement and 2.6% (n = 1) in the follow-up. There were no cases 

with RASS of 0 or +1 in this group (Table 4). 

 

Table 3:-Results of patients with hypercapnia (N = 6) according to their classification in the RASS scale. 

Variables n % 

 

 

RASS 

Initial measurement 

-3 2 33.3 

-2 2 33.3 

-1 2 33.3 

0 0 0 

+1 0 0 

 

 

RASS 

Follow-up measurement 

-3 0 0 

-2 4 66.7 

-1 0 0 

0 1 16.7 

1 1 16.7 

 

Table 4:-Results of patients without hypercapnia (N = 6) according to their classification in the RASS scale. 

Variables n % 

 

 

RASS 

Initial measurement  

-3 3 7.9 

-2 8 21.1 

-1 27 71.1 

0 0 0 

+1 0 0 

 

 

RASS 

Follow-up measurement  

-3 1 2.6 

-2 8 21.1 

-1 28 73.7 

0 0 0 

1 0 0 

 

We analyzed the possibility of an association between different combinations of variables (hypercapnia-FC, 

hypercapnia-RF, hypercapnia-TA, hypercapnia-age, hypercapnia sex) without finding a statistically significant 

correlation (p> 0.05). Likewise, due to the size of the sample, the correlation between hypercapnia and RASS was 

made by using Fisher's exact test, with a statistically non-significant result (p = 0.13). 

 

Discussion:- 
In the practice of anesthesiology, monitoring of respiratory function is one of the most important safety pillars in 

patient care undergoing procedures under general anesthesia, deep sedation and pharmacological pain management, 

especially when it is based on opioids. The lack of controlled and directed studies regarding postoperative 

hypercapnia in patients with normal pulse oximetry, coupled with the dangerous notion that a patient with normal 

pulse oximetry finds an adequate ventilatory function in any scenario, means that, currently, The safety of some 

patients is compromised. 

The magnitude of that risk is difficult to estimate. The results of the statistical analysis of the sample of 44 patients, 

from the study presented here, show that the frequency of postoperative hypercapnia in patients with normal pulse 
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oximetry is significant (13.6%), and could be by itself a relevant data medical and operational, in the contexts of 

critical medicine, perioperative and algology, because this finding exposes a possible deficiency in the management 

protocols of certain types of patients who are in situations of risk for the development of ventilatory depression. 

However, it is also necessary to mention that despite the high frequency of patients who presented one or more 

measurements with hypercapnia, they did not show detectable neurological, cardiorespiratory or hemodynamic 

deterioration, with the monitoring and monitoring used, where a statistically significant correlation was found, 

which is contrary to what was expected during the postoperative period of patients with hypercapnia data and, 

probably, of type II respiratory insufficiency. 

 

By itself, the lack of statistically significant association between the variables is an interesting fact, which could be 

due to the small size of the sample. It is possible that there are other causes for risk scenarios generated by the 

indiscriminate administration of oxygen in some patients with compromised respiratory function, which are 

described below: 

1. The lack of association between respiratory rate and hypercapnia, indicates that it is feasible that patients who 

presented hypercapnia and normal pulse oximetry could have been carriers of previous respiratory pathology, a 

fact that was not considered variable during the planning of this study. 

2. No statistically significant association was found between the hypercapnia cases and variables such as 

respiratory frequency (RR), RASS and oxygen saturation by pulse oximetry, when it would be consistent to find 

a correlation between these cases and patients with altered RF, moderate sedation or deep and suboptimal 

percentages in pulse oximetry. A probable explanation, already mentioned in this document and described by 

other authors, is that the administration of supplemental oxygen has the capacity to mask states of ventilatory 

deficit in certain type of patients by means of increased oxygen supply, alterations in oxygen transport and CO2 

(for hemoglobin and plasma), decreased ventilatory volumes and, finally, deterioration of the physiological 

response to the hypercapnia state itself. 

3. It is possible that patients with a higher risk of perioperative morbidity and mortality (ASA III and emergency 

procedures) have not presented hypercapnia with normal pulse oximetry in the postoperative period because 

they receive more stringent monitoring and surveillance, since they are more prone to to show benefit of 

supplemental oxygen administration. It was the patients at lower risk (ASA I and II, and elective procedures) 

who exhibited hypercapnia with normal pulse oximetry, and to whom, despite being indicated, many times, they 

are not offered the monitoring and surveillance that It offers to those who are known to be in less stable 

conditions. 

 

Conclusions:- 
In accordance with the proposed objectives, the following is concluded: 

1. EtCO2 monitoring was performed in 44 patients included in this study. 

2. The frequency of hypercapnia with normal pulse oximetry during the postoperative period was 13.6%. 

3. No complications were found in the study sample of ventilatory origin. 

4. No significant correlations were observed between the variables studied. 

5. The monitoring of exhaled CO2 in the postoperative period should be considered systematically for patients 

undergoing procedures performed under general anesthesia and deep sedation, in patients under analgesia based 

on opioids (or other respiratory function depressants) and patients critics with risk of admission to the Intensive 

Care Unit. 

6. The indiscriminate administration of supplemental oxygen could be a practice with harmful potential. 

7. The Official Mexican Norm for the practice of anesthesiology could benefit from undergoing review regarding 

recommendations for the use and monitoring of capnography. 

8.  More controlled and targeted studies are needed to more reliably determine the relevance of the results 

obtained in this study. 
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