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Introduction to ABG 

===================- 
Basics: 
 CO2 + H20 → H2CO3→ H (+) + HCO3 (-) ….. (And vise versa).  

By the effect of Carbonic anhydrase enzyme which acts in both directions  

This equation represents the buffer system of acid base status in the body. 

 H = acid  )+( 
 

 HCO3 = base (-) or alkali 

 

 PH : is the value that reflecting acid base status  
 

Normally the blood and body fluids are neutral (i.e the media is not acidic or alkaline) 

Because there is balance between Acid and base values  

- Acid: represented by H
+ 

or CO2
-
 

- Base or alkali: represented by HCO3
-
 

 So Normal PH value ranges from: 53.7 - 53.7  

- PH < 7.35 ----> Acidosis  

- PH > 7.45 ----> Alkalosis  

** Control of Acid base status: 

 There are 2 major systems which are responsible for Control of Acid base status: 

"Respiratory System Vs Metabolic System." 

Respiratory system is "Rapid" 

I- Respiratory System which is composed of: 

A) Lungs (ventilation): bronchial tree + Gas exchange unit (Alveolo- capillary unit) 

B) Respiratory muscles which are responsible for Inspiration & Expiration process (help lungs 

mechanically). 

Muscles + NMJ + Nerves. 
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C) Respiratory centers: 

i. Central control ( brain stem) 

Central chemoreceptors which are responsible for monitoring of CO2 level in blood. 

It controls CO2 level by stimulation or inhibition of respiratory muscles, according to the state 

of Acidity or Alkalinity of the blood. 

 

 If media is acidic (↑ H
+
) ---> elimination of H+ by elimination of CO2 ----> CO2 wash --

> by stimulation of resp muscles --- < Hyperventilation or Tachypnea. 

Result: ↓ PaCO2 = induction of alkalosis by respiratory system 

 

Respiratory alkalosis 

 If media is Alkaline (↓H) ---> addition of H
+
 by CO2 retention ---> by inhibition of 

respiratory muscles ---> hypoventilation or Bradypnea. 

Result: PaCO2 ↑ = induction of acidosis by respiratory system 

 

Respiratory Acidosis 

ii. Peripheral respiratory center: ( chemoreceptors in carotid bodies) 

Which are responsibe for O2 monitoring in blood 

 If there is ↓ in blood O2 = hypoxia or hypoxemia ---> stimulation of respiratory muscles 

 ---> Increase ventilation for O2 compensation (get more O2) to correct O2 in blood 

 ---> If still not corrected ---> more stimulation of respiratory muscles 

 --->Hyperventilation or tachypnea ---> unwanted CO2 wash ---> ↓PaCO2 

 

Respiratory alkalosis 

 Mild hypoxia --> normal PaCO2 level ( Normocapnea) 

 Marked  or prolonged hypoxia -- > low PaCO2 ( hypocapnea) 

 Hypoxia + respiratory alkalosis  = Hypoxia + Hypocapnia 

 

 [Type 1 Respiratory Impairment] 
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II- Metabolic System which is composed of :  Kidneys ( mainly)+ buffer system 

  

A) Kidneys (slow) 

Kidneys are able to control acid base status by the following mechanisms 

i) Bicarbonate reabsorption via tubules 

ii) Secretion of H
+
 in urine  

So,  

 If there is an acidosis, the kidneys will correct this condition by induction of alkalosis  

↑<----- reabsorption of HCO3 --> ↑ HCO3 

 

Metabolic alkalosis as compensation 

<----- Secretion of H in urine to ↑ acidity 

 If there is an alkalosis , the kidneys will correct the condition by induction of acidosis  

↓<--- reabsorption of HCO3 --> ↓HCO3 

 

Metabolic acidosis as compensation 

B) buffer system ( weak) 

It acts only in acute respiratory abnormalities (acidosis& alkalosis) to compensate for acidity or 

alkalinity because the kidneys are slow organs  

********************************************** 
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Oxygen Status: 

============= 

 O2 is present in blood in 2 forms  

a) O2 bound to HGB    -  expressed in O2 saturation  

                                  -  Value (≥ 95 %( 

       b) Free O2 in blood      - it has PaO2 (Partial pressure of arterial O2) 

                                             - value (80 - 100) mmHg 

 Hypoxia means O2 saturation < 95% and/or PaO2 < 80 mmHg. 
------------------------------------------------------------  

CO2 Status: 

=========== 

It is the product of catabolism. 

- PaCO2 (partial pressure of arterial O2) 

- Value : 35 - 45 mmHg ~ median 40 

- PaC02 reflects the RESPIRATORY SYSTEM (ALL PARTS) 

 

 PaCO2 = CAPNIA state  

 if PaCO2 is higher than normal or expected ↑  = high H+  

-----> This means Hypercapnia or Respiratory acidosis. 

 if PaCO2 is lower than normal or expected ↓ = low H+ 

 -----> This means Hypocapnia or respiratory alkalosis. 

---------------------------------------------------------------- 

HCO3- Bicarbonate Or simply (Bicarb) 

================= 

- It represents the base status  

- It presents in blood and in intestine 

  

 It reflects the Metabolic System ( kidney and Buffer system) 

- Normal value (22 - 26) mmHg  With median ~ 24 

 

 If HCO3 is Higher than normal or expected ↑ --> excess base = alkali → metabolic 

alkalosis. 

 If HCO3 is lower than normal or expected ↓ --> Low base= acid --> metabolic acidosis. 

********************************************** 
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Compensation 

فهوه هن لابد  

If there is Pathology in "Metabolic system" It would be compensated by "Respiratory system" 

and VICE VERSA 

Examples: 

A} if there is a pathological metabolic process causing low HCO3 

 So, it leads to acidosis (Low PH)  

↓ HCO3 : ↓ PH   (ٜالاردبٖ فٝ ثعط ص)  

The Type of Acidosis here is Metabolic and hence it is the original problem so, it is                     

"primary metabolic acidosis" 

 It will be compensated by respiratory system  ↓↓↓  

Lowers Acidity (↓ H+) or induction of alkalinity by ↓↓↓   

CO2 wash or hypocapnia or Respiratory alkalosis 

PH ↓: HCO3 ↓: PaCO2 ↓ (ٌزسذ وٍٙب الاعُٙ)   

 .Only abnormality اي ٘يب يعٕٝ  simple رىْٛ ٌّب( primary metabolic acidosis) اي فٝ ثيمً وٍٗ  

 Conclusion: 

                     Primary simple Metabolic acidosis because it lowers PH 

                            And compensated with Respiratory alkalosis 

******************************************  
B} if metabolic process causes high bicarb (↑ HCO3) --> high PH (alkalinity) 

 --- > primary metabolic alkalosis  

 It will be compensated by  ↓↓↓  

Respiratory acidosis (adding H+ or acid) … ↑ PaCO2 

PH↑: HCO3 ↑: PaCO2 ( ↑ٌفٛق وٍٙب الاعُٙ)   

  simple  رىْٛ ٌّب primary metabolic alkalosis اي فٝثيضيذ  وٍٗ 

 Conclusion :  

                     Primary simple Metabolic alkalosis as it increases PH value  

                                 And compensated by Respiratory acidosis 
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C) If there is a primary pathological respiratory process that causing Excess CO2 

↓↓↓ 

Respiratory acidosis --> High PaCO2 ---> high H ---> low PH 

↑ PaCO2 --> ↓ PH ( )ٖعىظ ثعط فٝ الاردب  

 It will compensated by↓↓↓ 

 

Metabolic alkalosis by adding base (high HCO3) 

PH ↓: PaCO3 ↑: HCO3  ↑  

 (وّبْ HCO3 ٚاي PaCO3 اردبٖ عىظ PH اي فٝ اٌغُٙ اردبٖ) 

 Conclusion : 

                               Primary simpe Respiratory acidosis as it decreases PH value and it  

                               Compensated by Metabolic alkalosis 

******************************************  

D} if there is a primary respiratory process that causing low CO2 

↓↓↓ 

Low CO2 = respiratory alkalosis 

-->Low H --> alkalinity = high PH 

PaCO2 ↓ : PH  ↑  

(ثعط عىظ الاعُٙ)   

 It will be compensated by  

Lowering base level= low HCO3 

PH ↑: PaCO2 ↓: HCO3  ↓  

 Conclusion :  

                                Primary simple Respiratory alkalosis as it increases PH value and it is   

                                 Compensated by Metabolic acidosis 
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SUMMARY (الخلاصه)   

======================== 

✌To read the acid base abnormality  

Look at PH 

A) If it is low (< 7.35) 

Acidosis 

Which is the primary process? 

 

Metabolic (↓ HCO3) Respiratory (↑ PaCO2) 

=============================== 

 

 If HCO3 ↓ and ↓ PaCO2

Diagnosis 

Primary metabolic acidosis with respiratory compensation 

 

 if PaCO2 ↑ and HCO3  ↑  

Diagnosis 

Primary respiratory acidosis with metabolic compensation 

 

 Finally if PaCO2 ↑ and HCO3  ↓  

Both causes acidity 

So Diagnosis 

Is mixed Respiratory acidosis + metabolic acidosis 

**************************** 
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B) If PH is high (> 7.45) 

Alkalosis 

Which is the primary process? 

 

Metabolic (↑ HCO3) Respiratory (↓PaCO2) 

=============================== 

 If HCO3 ↑ and PaCO2  ↑  

Diagnosis 

Primary metabolic alkalosis with respiratory compensation 

 if PaCO2 ↓ and  HCO3  ↓  

Diagnosis  

 Primary respiratory alkalosis with metabolic compensation 

 Finally If PaCO2↓ and HCO3  ↑ (Both cause alkalinity) 

Diagnosis  

Mixed respiratory alkalosis and metabolic alkalosis  

**************************** 

C) If PH ranges from 7.35 - 7.45 

 If PaCO2 is in normal range ( 35-45) and HCO3 is in normal range( 22-26) 

Diagnosis 

Normal ABG 

 But if PaCO2 and/Or HCO3 are not in normal ranges 

  

 if PH < 7.4  

Same pathway of Acidosis  

 If PH > 7.4 

Same pathway of alkalosis 
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Example: (1) 

 Patient 50 years old came to ER with confusion and rapid kaussmul breathing  

His ABG shows  ⤵⤵⤵  

PH: 7.21  

HCO3: 12  

PaCO2: 25  

PaO2: 81  

SPO2: 95% 

 

 ABG اي

 ؟ ايٗ فٝ دٖ

PH: 7.21 

 53.7 من اقل يعنى

 acidosis يجمٝ

 

 Acidosis اي ِصذس ٔعشف عبٚصيٓ وذٖ ثعذ

ً٘ ٛ٘ 

Metabolic (low HCO3) 

 ٚلا

Respiratory (high PaCO2) 

 

 ٕ٘ب

HCO3: 12 (< 22) 

Low 

 دٖ يجمٝ

Metabolic acidosis 

 

 ٚاي

PaCO2: 25 (< 35) low 

Loss of acid = by CO2 wash ---> respiratory alkalosis 

 

 يجمٝ

 الاعُٙ ٔسػ

PH: HCO3: PaCO2 

↓            ↓      ↓ 
 

 ( اعًٙ ربٔيٗ غشيمٗ)  ٌزسذ وٍٙب الاعُٙ

 اٌزؾخيص ثجمٝ

Diagnosis: Primary metabolic acidosis compensated by respiratory alkalosis 
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Example: (2) 

 06  years old man came to ER with confusion and cyanosis  

ABG shows  ⤵⤵⤵  

PH: 7.15  

HCO3: 28  

PaCO2: 80  

PaO2: 46  

SPO2: 78% 

 

Diagnosis: Primary Respiratory acidosis with metabolic compensation 

Example: (.) 

 .5  years old man presents with repeated vomiting  

ABG shows  ⤵⤵⤵  

PH: 7.51  

HCO3: 32  

PaCO2: 50  

PaO2: 83  

SPO2: 96% 

 

PH: ↑ > 7.45 

HCO3: ↑ > 28 

PaCO3: ↑ > 45 

 رجمٝ ٌفٛق وٍٙب الاعُٙ

Diagnosis: Primary metabolic alkalosis with respiratory compensation 

Example: (4) 

 75   years old woman presents with acute onset of dyspnea & cough , and diagnosed to have 

COVID-19 infection by CT chest    

ABG shows  ⤵⤵⤵  

PH: 7.49  

HCO3: 17  

PaCO2: 26  

PaO2: 62  

SPO2: 84  %  

 

Diagnosis: Respiratory alkalosis with metabolic compensation 
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Example: (7) 

 06  years old diabetic man with history of COPD came with rapid kaussmul breathing and 

excessive urination & dehydration , confusion  

 

ABG shows  ⤵⤵⤵  

PH: 7. 1 

HCO3: 9 

PaCO2: 57  

PaO2: 72  

SPO2: 90% 

 

PH: low --> acidosis  

HCO3: low --> metabolic acidosis  

PaCO2: high --> respiratory acidosis  

Both cause acidity  

This lowers PH  

Diagnosis: Mixed respiratory acidosis with metabolic acidosis 
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All what you need to know bout  

 

Metabolic acidosis 

 

 

↓PH (7.4):      ↓HCO3 (<22):      ↓PACO2 (<35) 

 . simple الاعُٙ وٍٙب ٌزسذ ) الاسلبَ وٍٙب لٍيٍٗ ( فٝ زبٌخ ٌّب رىْٛ

 

** Causes: 

==========  

Acidosis is either High Acid or low base 

Hence, it is metabolic, so causes are of metabolic sources: 

A) High acids (H+) 

 

I- Endogenous :  

 

1) DKA : ketone bodies ( acetoacetate) 

2) Renal failure ( excess phosphoric acids, uric acids ) 

3) Lactic acidosis : ( Excess lactic acids) 

[Causes of lactic acidosis: any type of shock, Sepsis, metformin toxicity]. 

 

II- Exogenous : Toxicities  

1)  Salicylate toxicity. 

2)  Ethanol toxicity.  

3)  Methanol toxicity. 

4) Ethylene Glycol toxicity. 

 

Causes of High acids are the same causes of "HIGH ANION GAP METABOLIC ACIDOSIS" 
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B)  Low Alkali (HCO3 loss)  

Causes  

* GIT loss (Diarrhoea) 

* Renal Tubular acidosis (Renal loss) 

* Adrenal insufficiency (acute or chronic) 

Also due to renal loss of HCO3 due to low steroids & aldosterone which control HCO3 

reabsorption in renal tubules. 

 

Causes of low HCO3are the same causes of "NORMAL ANION GAP METABOLIC ACIDOSIS" 

************************************************************* 

 ٘زعًّ اٌخطٛاد الاريٗ 

 : الخطىه الاولى

Compensation 

Compensation: to detect if it is simple (pure metabolic) or mixed. 

 .صعت اٌفُٙ عذيٗ ،، ٚادخً عٍٝ اٌسطٖٛ اٌٝ ثعذ٘ب compensation ٌٛ زغيذ ِٛظٛع ايٍِسٛظٗ : 

 ربٔٝ خطٖٛ عٍٝ غٛي رؾٛف اي  ABG فٝ اي metabolic acidosis ثعذ ِب رؾخص اْ فيٗ**

Compensation 

 Winter's Formula  عٓ غشيك ِعبدٌخ اعّٙب

As we have ↓ HCO3 due to "Metabolic acidosis" 

So, compensation will be Respiratory 

By change in PaCO2 

So, will will calculate 

Expected PaCO2.  

 

Expected PaCO2 = 1.5× HCO3 + 8  [±2] 
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ثزبع اٌشلُ اٌٍٝ زغجزٗ ِٓ  range اٌٍٝ لذاِه يمع فٝ ٔفظ اي ABG فٝ اي PaCO2 رسغت اٌّعبدٌٗ دٜ ٌٚٛ غٍع سلُ اي

 اٌّعبدٌٗ اٌغبثمٗ 

                                           وذٖ ٔمذس ٔمٛي اْ دٜ

Primary simple metabolic acidosis 

With appropriate respiratory compensation 

 ٜعبيض رعشف د ٌٛ full ٚلا  partial compensation  

 PH ثص عٍٝ اي

 full تبقى 53.6 -53.7 من لقيتها

 partial  تبقى 53.7 من اقل

Example  

Patient with ABG containing  

PH: 7.27      HCO3: 12        PaCO2: 25 

 الاخبثٗ

 acidosis رجمٝ ↓ PH اولا

 رجمٝ↓HCO3 اي ثانيا

Primary metabolic acidosis 

 respiratory alkalosis  رجمٝ ↓ PaCO3 ثالثا

 عبيض اؽٛف ً٘ دٖ فعلا compensation ؟ ٚلا لا 

 winter ٘بزغت ِعبدٌخ اي

Expected PaCO2 = 12 × 1.5 +8 [±2] 

= 18 + 8 [±2]. 

= 26 ± 2 

= 24 - 28 

 ال رقم هنا PaCO2 ال فى بينحصر ىيعن 57 المريض فى range 52 و .5 بين ما  

  عنده العيان ان معناه وده        

Primary simple metabolic acidosis 

With appropriate respiratory compensation... 

 ثعذ وذٖ اثص عٍٝ اي PH    

 compensation ٔٛع اي رجمٝ 53.7 ٕ٘ب الً ِٓ

Partial respiratory compensation. 
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  رخيً فٝ اٌّثبي دٖ سلُ ايغيت PaCO2  ِْثلا ، 03ثزبع اٌّشيط دٖ وب 

 Expected اي range دٖ ِعٕبٖ أٗ اعٍٝ ِٓ

 Excess CO2  ٚدٖ ِعٕبٖ

 compensation ثبٌعمً وذٖ ِبٌٛػ علالٗ ثبي 

 respiratory acidosis ٚدٖ ثيذي عٍٝ اْ اٌّشيط عٕذٖ دسخٗ ِٓ دسخبد اي

 respiratory system ٔزيدٗ زبخٗ فٝ اي

  respiratory compensation ثعيذٖ عٓ

 اٌّزٛلعٗ range فٝ اي Expected PaCO2 اٌٍٝ لاصَ يطٍع اي 

 ٚدٖ ٔغّيٗ ؽٛفٕب فٝ اٌّثبي اٌٍٝ فبد صٜ ِب

Mixed metabolic acidosis + respiratory acidosis 

******************** 

 ٗاٌّفشٚض اْ اٌىً ِزخيً اْ عؾبْ يىْٛ في  Respiratory acidosis 

 Instead of respiratory alkalosis 

  ..فٝ اٌّثبي دٖ  metabolic acidosis  ِع

 7. اعٍٝ ِٓ PaCO2 لاصَ يجمٝ سلُ اٌىً ِزخيً اْ

 . PaCO3 ثزبع اي high اي range ِؼ expected ازٕب ثٕسىُ ثشلُ اي

 يجمٝ اٌّشيط فٝ اٌسبٌٗ دٜ عٕذٖ 

Mixed metabolic acidosis + respiratory acidosis 

For Example:  

Patient known COPD with baseline PaCO2 > normal, develop renal failure  

  فيٗ ABG٘يجمٝ

Mixed metabolic acidosis +respiratory acidosis 

 ٚدٖ ِعٕبٖ اْ فيٗ ِؾىٍٗ ربٔيٗ فٝ اي  respiratory system 

 ِبوبٔزؼ ِسزبخٗ علاج ٔسبٚي ٔمٍٍٙب عؾبْ ِبرضيذػ ٚرسزبج علاج ِعيٓ لاصَ ٔطٍعٙب ٚٔعبٌدٙب اٚ عٍٝ الالً اْ

 .اٌسبٌٗ ِثلا ٚرغٛء  ventilator صٜ اي        
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 غيت ٌٛ وبٔذ ليّٗ اي PaCO2  ِٖثلا ،، 02فٝ اٌّشيط د 

  Expected PaCO2 اي range دٖ ِعٕبٖ أٙب الً ِٓ

 صٜ ِب زغجٕب فٝ اٌّعبدٌٗ 42لأٙب الً ِٓ 

 excess CO2 washْ فيٗ ٚدٖ ِعٕبٖ ا

 compensation  صيبدٖ عٓ اٌلاصَ يجمٝ دٖ ِؼ

 اٌّفشٚض اْ اٌىً ِزخيً اْ غبٌّب PaCO3  يجمٝ دٖ 03رسذ اي alkalosis  

  compensation يعٕٝ

 اٌٍٝ ثٕسغجٗ ِٓ اٌّعبدٌٗ expected PaCO2 لا غجعب ،، صٜ ِب لٌٕٛب ازٕب ثٕسىُ ثشلُ اي

  respiratory system اي يجمٝ دٖ ِعبٖ ِؾىٍٗ ربٔيٗ فٝ

 respiratory alkalosis  عبٍِٗ

 صيبدٖ عٓ اٌٍٝ ِفشٚض رعٍّٗ 

 ٚرجمٝ ٕ٘ب  

Mixed metabolic acidosis + respiratory alkalosis 

 ًِٚدٖ ِعٕبٖ اْ ازٕب ٕ٘ذٚس عٍٝ عجت ربٔٝ عب  respiratory alkalosis 

 ّبْٚٔعبٌدٗ و metabolic acidosis فٝ اٌسبٌٗ غيش اي     

Example: 

 Patient has DKA + pneumonia (cause of respiratory alkalosis) 

 ٚثىذٖ يزعر اّ٘يخ اٌّعبدٌٗ اٌٍٝ اٌعٍّبء ٚظعٛ٘ب. 
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 (ههوه جدا) ةالخطىه التاني

Estimation of Anion gap 

AG = Na - [Cl+HCO3] 

Normal: 10 - 14 

 If AG is > 14 

 يجمٝ الاززّبلاد                                                                                                       

1) DKA: PH < 7.3 

 Suspect if  

- dehydration, dry tongue, skin,Polyuria , confusion , 

- Rapid breathing (kussmaul), abd.pain, vomiting 

- Known Diabetic esp T1DM,young patient  

- Predisposing factor [infection, fever, MI, stroke, missed insulin]. 

 Next step  

- Random blood glucose  ≥ 250 + acetone in urine  

-  Other labs & imaging according to case 

 Ttt  

1. ABC( airway, breathing, circulation) 

2. ER room : give 1 L saline bolus + 10 units' regular insulin IV 

Then  

3. ICU or special unit  

o Fluids: 1L Nacl /1 hr, then 1 L/2hr then 1 L/4 hrs. 

o K : check K  

 if < 3.5 give 40 m.mol (4 amp 

 If 3.5 - 5.5 give 20 mmol( 2 amp) 

 If > 5.5 don't give K 

o Insulin:  give regular insulin by infusion( syringe pump) 

 unit / Kg /hr  

  target BG reduction is  50 - 100 / hr  

 When BG reaches ≤ 250 Give Glucose 5% 1 L /8 hrs 

o Don't give Bicarb unless PH is ≤ 7 

o Ttt of predisposing (infection, MI, stroke 

o Improvement if  PH > 7.3, HCO3 >18 

o Normalisation of anion gap, no dehydration--> Change to Subcut. 

Insulin protocols. 
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2) Renal failure  

 Suspect if   

- known CKD 

- chronic D like DM, HTN, Polycystic K D, CHF  

- Glomerulonephritis ---> Chronic  

- Oliguria, dehydration, shock, sepsis,  

- Obstructive uropathy, drugs -> acute 

 Symptoms  

- Pallor, earthy look, volume overload, HTN, Oliguria, Itching, vomiting, 

hiccup. 

 Next step  

- Urea, Creatinine 

- Other labs (K, Ca, P, CBC, Abdominal U/S 

- Estimation of GFR. 

 Ttt  

o If PH ≥ 7.25  

 don't give IV Bicarb 

 Consider Oral Bicarb. 

o If PH < 7.25  

 give IV bicarb 

 Use this equation 

- HCO3 deficit = [24- HCO3 value] × 1/2× Body weight. 

- HCO3 deficit / 25 = number of ampoules 

- Half of ampoules --> direct in central line or CVP slowly  

- Other half + 500 glucose 10% over 1 hr 

o Then recheck ABG again if no improvement-> dialysis 

3) Lactic acidosis  

 Suspect if   

-  signs of shock, sepsis, fever 

- Cardiac, hemorrhage, severe dehydration with normal BG 

 Next step   

-  serum lactate ( high) 

 Ttt  

- ABC, ICU  

- Ttt of the cause + fluids (cautious in cardiac patients) 

- Bicarb has no role. 
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4) Toxicities  

(Salicylate, ethyl alcohol, methyl, ethylene glycol) 

 Suspect if  

- no apparent causes, normal BG, Creat, no shock or signs of sepsis ... 

- History ---> very important esp in young  

 Next step   

- Serum toxins , osmolal gap 

 Ttt  

- ICU , ABC  

- toxicology specialist  

 

 If Anion gap is normal ( 10 - 14) 

 ّبلاد يجمٝ الازز                                                                                                      

1) Diarrhoea (severe acute, chronic) 

 Suspect  

- History, dehydration 

 Next step  

- Na, K, Urea, creat, CRP, CBC, stool culture, blood culture  

 Ttt: if severe   

- ABC + ICU  

- Fluids (ringer's lactate) + CVP value correction ( 8 - 12)  

- Blind Antibiotics  

(Cefotax 2g/8hrs or Cipro IV /12 hrs + flagyl IV /8 hrs) 

 Till result of culture. 

- Antidiarrheal after exclusion of dysentry 

2) Adrenal insufficiency  

 Suspect if   

-  known Addison not compliant with medications or recent infection 

without change in dose 

- On steroid for any disease , then sudden stop,  
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 Symptoms  

- Orthostatic hypotension, weight loss, fatigue, lethargy 

- vague abdominal pain ,  

- hyperpigmentatin( dark scars, pigment in mouth & lips) 

 Next step   

- Serum cortisol a.m 

-  ACTH stimulation test 

- Na ↓ & K ↑ , blood glucose ( may be low) 

 Ttt   

o If suspicious adrenal crisis  

- ABC, ICU, IV saline + solucortif 100 mg/6hrs  

-  Ttt of precipitating factor. 

o If Addison :  

- low dose prednisolone 5 morning , 2.5 evening  

- Astonin : fludricortisone 1×1 

3) Renal Tubular Acidosis {RTA} 

 Suspect if  

-  No apparent cause  

- Mild chronic unexplained metabolic acidosis.  

- Unexplained glycosuria 

- Unexplained nephrocalcinosis  

 Predisposing    

- DM, multiple myeloma, Sjogren S,  

- Chemotherapy. 

 Next step    

- urine PH  

-  urine anion gap ( advanced & not available) 

 Ttt  

- Give oral bicarb  

-  Ttt of the cause 
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If ABG don't contain Cl 

So, you can't calculate Anion Gap 

 ٚغجعب دٖ ِؾٙٛس خذاااا فٝ اٌٛالع

  high Anion gap غبٌجب زبلاد

 ٘يب اوزش اٌسبخبد اٌٍٝ ثٕؾٛفٙب  

  severe ٚرىْٛ

 ٚ ٘يب اٌٍٝ ٘زيدٝ فٝ ثبٌه الاٚي

 

 ٝ٘زعًّ الار 

- Random blood glucose  

-  Renal functions 

- Serum lactate ( present in ABG) 

 

 ًِصٜ ِب ؽشزٕب لجً وذٖ ٌٚٛ غٍع ٚازذ ِٓ اٌزلارٗ ٘ززعب ... 

 

  اٌزسبٌيً غٍعذ وٛيغٗ ٘زفىش فٝ اٌزغُّ ثبٌسبخبد اٌٍٝ روشٔب٘ب ٌٛ 

 ٚيبسيذ رعًّ رسبٌيٍٙب ٌٛ ؽبوه فيٙب ٚعشض عَّٛ 

 ٚغجعب ٘زسدض اٌّشيط فٝ اٌعٕبيٗ ٌٛ زبٌزٗ زشخٗ

 

 

 ٍٗاِب ٌٛ و  negative 

 ثغيطٗ  acidosis ٚدسخخ اي

 ٘زفىش فٝ الاززّبلاد الاخيشٖ 

 ... عًّ اٌزسبٌيً اٌٍٝ لٌٕٛب عٍيٙبٚر
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Delta - Delta gap 

 
Delta -delta gap? 

 وٍّخ

Delta = change 

اٌشلُ اٌفشق اٚ  

؟ ايٗ ثيٓ  

لغّٗ زبصً ثبزغت خلاٌٙب ِٓ ِعبدٌٗ دٖ  

∆ Anion gap 

∆ Bicarbonate 

Delta = ∆ 

∆ Anion gap = calculated Anion gap - normal anion gap 

∆ Bicarbonate = measured HCO3 - normal HCO3 

 

 ًاي لغّخ زبص 

∆ Anion gap ÷ ∆ bicarbonate 

 ِعيٓ سلُ ٘يطٍع

 ؟ ايٗ فٝ ٘يفيذٔب

 

o ٌٛ ُليّزٗ غٍع اٌشل ِٓ 

  

1 - 2 Pure high anion gap metabolic acidosis (pure HAGMA) 

< 1 Mixed {high anion gap metabolic acidosis HAGMA} 

+ 
Normal anion gap metabolic acidosis NAGMA} 

> 2 Mixed metabolic acidosis & metabolic alkalosis!! 

 

 ؟ اٌذِبغ رذخً ِّىٓ ً٘ دٜ الاخيشٖ

 اصاٜ 

Metabolic acidosis + metabolic alkalosis 

 ! اٌدغُ ٔفظ فٝ

 

 ثجغبغٗ ِعٕب٘ب دٜ

Hidden underlying pre-existing metabolic alkalosis with recent superimposed metabolic 

acidosis 

 Acidosis اي لٛح وبٔذ ثظ

اي صبٌر فٝ وٍٙب الاسلبَ فخٍذ ٍٝعا  

Metabolic acidosis 
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 ً٘ ٓاي رطجيك ِّى 

Delta Delta gap in practice? 

  ،، ؽٛيٗ ظعيفٗ فبيذرٙب ثظ ،، يٕفع

،، خذااا دليك ثؾىً غززشِٚ ِغزخجٝ ٘ٛ ِب وً ٚرؾخيص رؾخيصٝ ِٕٙب اٌٙذف لاْ  

ٌلاعف ِٛخٛد ِؼ ِصش فٝ عٕذٔب ٚدٖ   

ًٌ غجمب ٘يزغيش ِؼ اٌعلاج  

Delta delta gap 

  فمػ اٌغجت اعبٌح أٝ ٘زفيذٔٝ دٜ اٌّخفيٗ اٌسبخبد ٚ اٌزؾخيص ٌٚىٓ

 ..  ازيبٔب اٌسبٌٗ عيبق اٚ اٌٙغزٛسٜ غشيك عٓ رزؾخص ِّىٓ أٙب ٌٚٛ

 اي سلشا ٌىٓ ،، اٌغجت علاج ٘ٛ ٚاٌعلاج

Correction of acidosis 

 ًٌ غجمب وزيش ٘يزغيش ِؼ ٔفغٗ

Delta Delta gap 

 ..  دٜ ثبٌسبخبد ؽٛيٗ ثزٙزُ الاِشيىٝ اٌجٛسد ٚاعئٍخ الاِشيىيٗ ٚاٌىزت الاِشيىبْ غجعب

 فعلا دٜ اٌشلّيٗ اٌسبخبد فٝ ِٚزّيضيٓ ِزّىٕيٓ ّ٘ب

 اي ٌسغبة ٍٔدأ اِزٝ!!  اخيشا 

Delta delta gap? 

 ؟ ABG وً فٝ ً٘

،، غجعب لا  

اي زبلاد فٝ   

Primary metabolic acidosis 

ثبي ِجذأئيب ارؾخصذ اٌٍٝ  ABG ْاي عشفٕب ٚوّب  

Compensation 

& 

Anion gap 

ثزٛعٙب اٌعبدييٓ  
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Example: 

 57   years old man known to have diabetic , came to ER complaining of vomiting , 

abdominal pain , excessive urination  

RBG: 526  

ABG  

PH: 7.27  

HCO3: 10  

PaCO2: 22 

Cl: 90  

Na: 134 

Answer:  

Metabolic acidosis with partial compensation 

N.B: American diabetes Association (ADA) diagnostic criteria for DKA  

- Hyperglycemia ≥ 250  

- PH  < 7.3  

- HCO3 < 18  

- Acetone in urine 2+ or more or B-hydroxybutyrate in blood 

 

********************************************************* 

Example: 

 56 years old man known to have type 1 DM and having unexplained lethargy & dizziness on 

standing with craving for salts  

He came to ER with dehydration & confusion  

ABG shows  

PH: 7.21  

HCO3: 12  

PaCO2: 27  

 

PaO2: 82  

SPO2: 96%  

Na: 135  

Cl: 105 
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Answer:  

 Step 1  

- PH: 7.21 ↓ acidosis  

- HCO3: 12 ↓ metabolic acidosis  

- PaCO2: 27 ↓ respiratory alkalosis 

 SO, it is Primary metabolic acidosis with respiratory compensation  

 

 Step 2  

- Calculate expected PaCO2  

- Expected PaCO2 = HCO3 × 1.5 + 8 (± 2) 

                              = 12 × 1.5 + 8 (± 2) 

                              = 18 + 8 ± 2 

– 5. =                           28 

- Measured PaCO2 = 27 

 SO, it is Appropriate respiratory compensation 

  

- Full or partial ؟ 

            PH: 7.21 --> below normal 7.35  

 SO, it is Partial respiratory compensation 

 

 Step 3  

- Calculate anion gap 

- Calculated anion gap = Na - ( HCO3 + Cl( 

=                                               135- (12+105) 

                                              = 18 

- Normal anion gap : 10 – 14 

- Median: 12 

- Calculated anion gap > 14 

 SO, it is High anion gap metabolic acidosis 

 ثزبعٙب DDغجعب عبسفيٓ اي 

 ؟DKA ثظ فٝ عيبق اٌسبٌٗ ِؾزجٗ اوزش فٝ 

 Diabetic  عؾبْ اٌّشيط

 Acetone in urineعؾبْ وذٖ ٕ٘ميظ 

 Possitiveٌٚٛ غٍع 

 DKAرجمٝ 
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  في الوثال اللي فات 

 HAGMAغيت غبٌّب ٘يب 

 Delta Delta gapٔدشة ٔسغت اي 

 ٚٔؾٛف ٘يب

Pure or not? 

 Delta Delta gap = ∆ Anion gap ÷ ∆ HCO3 

  ∆ anion gap = calculated - normal = 18 - 12 = 6 

  ∆ Bicarbonate = normal HCO3 - measured actual HCO3 = 24 - 12 = 12 

 Delta Delta gap = 12 ÷ 6 

                             = 0.5 ( 1 لً ِٓيعٕٝ ا)  

 دٖ ِعٕبٖ

Mixed high anion gap metabolic acidosis HAGMA 

+ 
Normal anion gap metabolic acidosis AAGMA 

 DKA يعٕٝ فيٗ زبخٗ ربٔيٗ عٕذ اٌّشيط دٖ غيش اي

DD of normal anion gap met acidosis? 

1. Adrenal insufficiency  

2. Diarrhoea  

3. Renal tubular acidosis 

 Adrenal insufficiency 

 اٌٍٝ ٘ٛ

Addison 

 ٚخبٜ ِع

Type 1 DM 

 ٚاعشاظٗ ٘يب

Lethargy 

Craving for salts 

Dizziness on standing 

 DKA  ٚثبٌزبٌٝ ثعذ ِب اعبٌح اي

 Cortisol a.m  ٘بعًّ

 عؾبْ اثجذ رؾخيص اي

Addison's disease 
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Example: 

 

 .5  years old man came to ER with disturbed conscious level and fits  

No lateralization at all  

He was previously healthy without any medical problem ،  

He lives alone and he came to hospital by the help of his neighbour  

MRI brain: normal  

CSF exam: normal  

Basic labs show  

Normal CBC, LFTs, RFTs  

Random BG: 126 

Coagulation profile  

ABG & electrolytes  

PH: 7.23  

HCO3: 15 

PaCO2: 26  

PaO2: 78%  

SPO2: 94%  

Na: 135 

Cl: 98 

Urea: 42  

Measured plasma osmolality: 301 

Diagnosis?! 
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Answer: 

 غجعب فٝ اٌسبٌٗ دٜ ،،ٚاظر خذااا أٙب 

Primary metabolic acidosis 

 اظٓ وٍٕب عبسفيٕٙب

 ٌٛ زغجٕب

Anion gap = 135 - (15 + 98) =22 

 يعٕٝ دٜ

High anion gap metabolic acidosis 

 ٗغت دٖ اززّبلارٗ اي 

DKA  

 اٌغىش وٛيظ... ِؼ ِبؽيٗ 

Renal failure  

 اٌىشيبد وٛيظ ... ِؼ ِبؽٝ

Lactic acidosis & sepsis 

 ثظ اٌٙغزٛسٜ ِؼ ساوت عٍٝ الاززّبي دٖ ... اززّبي

Toxicities 

 دٜ ِسزٍّٗ خذااا لاْ عيبق اٌٙغزٛسٜ غبِط ٚدٖ ساخً عبوٓ ٌٛازذٖ ،، 

 ِسزًّ يىْٛ رٕبٚي عُ فعلا

 

 Toxicities** 

Aspirin (Salicylate) 

Ethanol 

Methanol 

Ethylene glycol 
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 وً اي Toxicities 

 دٜ ،، ِّىٓ ٔعشفُٙ ثسغجٗ ِجذأىيٗ اعّٙب

Osmolality gap 

 ؟ ايٗ دٜ

 

 Plasma osmolality  وٕب لٌٕٛب ٚازٕب ثٕؾشذ اي

 اْ ازٕب ِّىٓ ٔميغٙب ِّٚىٓ ٔسغجٙب

 ٚاْ اٌشلُ ِزمبسثيٓ خذااا ،،

 دٖ فٝ الأغبْ اٌعبدٜ 13ثظ اٌفشق ثيُٕٙ لاثذ يىْٛ الً ِٓ 

 13ٌىٓ ٌٛ اٌفشق اوزش ِٓ 

 يجمٝ

Osmolality gap: high 

 

  ٚدٖ ِعٕبٖ اْ فيٗ

Hidden exogenous osmole 

 خبٜ ِٓ خبسج اٌدغُ ِٚؼ ِٛخٛد فٝ اٌّعبدٌٗ اٌّؾٙٛسٖ 

 measured osmolalityٚدٖ اٌٍٝ ِضٚد اي 

 Toxinsٚدٖ ثيجمٝ. 

 

 اٚ ِؼ ٚاخذٖ عٍيٙب اِب ثبٌٕغجٗ ٌٍٕبط اٌٍٝ ثززٍخجػ فٝ ِٛظٛع الاسلبَ ٚاٌّعبدلاد 

  ABG اُ٘ ؽئ ٘ٛ لشاءح ايلٌٕٛب لجً 

  Simple ثطشيمٗ

 دٜ ِؼ ِسزبخٗ ِعبدلاد ،،

  Compensation ِٛظٛع اي 

 يك ازغت ثبٌّعبدٌٗثجغبغٗ ،، ٌٛ عبيض رجمٝ دل ABGدٖ غبٌجب ثزديت اغٍجٗ ِٓ لشايزه ًٌ 

 MD calcِؼ زبفع اٌّعبدٌٗ عدٍٙب عٕذن ع اٌّٛثبيً اٚ  ازغجٙب عٓ غشيك اي 

  Anion gap اخجبسٜ ٘ٛ اي اِب اٌٍٝ لاصَ رسغجٗ

 MD calcٌٛ ززٝ ِٓ اي 

 لاْ دٖ ثيزٛلف عٍيٗ رؾخيص

 ٌٛ أذ ؽبغش اٜٚ فٝ اٌجبغٕٗ ِّىٓ رؾخص اٌغجت ثبٌٙغزٛسٜ ٚاٌزسبٌيً اٌزبٔيٗ
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All what you need to know bout  

Respiratory Acidosis 

 
PH ↓: PaCO3 ↑: HCO3  ↑  

 ٖاي صيبد PaCO3 اي ثزضٚد Bicarb  

 simple رىْٛ ٌّب زبٌخ فٝ PH اي ثزمًٍٚ

 ًاعجبة و respiratory acidosis  اي فٝ خضء اٜ فٝ ِؾبوً ٔزيدخ respiratory system ًوى  

 ٚاخيشا ٌيٙب اٌّغزيٗ الاعصبة فٝ اٚ فيٙب اٌّؾىٍٗ وبٔذ عٛاء اٌزٕفظ ثععلاد ِشٚسا  respiratory center اٚي ِٓ

 . ٔفغُٙ اٌشئزيٓ فٝ

 ًاي اعجبة و respiratory acidosis  

  ثغجت hypoxia ة ِصبزجٗ ثزىْٛ

Impaired ventilation -- hypoxic hypercapnic 

 Type 2 respiratory impairement ثٕغّيٗ ٚدٖ

 

 There are 2 Types Respiratory Acidosis 

 

I- Chronic respiratory acidosis: due to chronic CO2 retension  

 Due to either  

A)  chronic lung disease : COPD  

B) chronic neuromuscular  

 diseases like Motor neurone 

 disease & severe  

 Kyphoscoliosis ( rare) 

II- Acute respiratory acidosis  

 Either due to  

A) Acute on top of chronic :  

- Acute exacerbation of COPD (Very Very Common  (.  

B) Acute on top of normal lungs : 

- Respiratory center depression by drugs high dose: like Morphine& opiates, 

hypnotics. 

- Acute neuromuscular disorder like Myasthenic crisis, Guillian Barre            

Syndrome 
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 Any disease leading to acute type 1 respiratory impairement ( hypoxia with hypocapnia) 

 --> If not treated rapidly, tachypnea will lead to respiratory muscle fatigue due to 

hypoxia 

 --> Accumulation of lactic acid 

 --> Bradypnea--> RR starts to become slow with CO2 retention (hypercapnia)  

--> Type 2 respiratory failure (hypoxic hypercapnic) 

Ex: 
- pulmonary edema (cardiogenic & non cardiogenic: ARDS 

{alveolar diseases}  

- severe COVID-19  

- acute massive pulmonary embolism ( perfusion defect)  

 How to differentiate between  

Acute respiratory acidosis and chronic respiratory acidosis?!  

 Look at PH  

A) If it is between 7.33 - 7.39 

It is likely to be chronic (not sure 100%) 

 Then the next step  

 (خذاااا خذاااا ُِٙ)  compensation اي ازغت

o In Chronic respiratory acidosis 

         - Every 10 mmHg increase in PaCO2 < 40 

                    Lead to  4 mmHg increase in HCO3 > 24 

Or  
              - Every 1 mmHg increase in PaCO2 >40 

                   Lead to  0.4 increase in HCO3 > 24 

Example:  

Patient has COPD on treatment 

 Has ABG showing: 

PH: 7.34, PaCO2: 60, HCO3: 32 

Is it acute or chronic? 

Answer:  

PH: 7.34 --> more likely chronic  



DR. HOSAM MOKHTAR                                                            ARTERIAL BLOOD GASES… SIMPLE AND PRACTICAL 
 

** if Not sure? 

Let's check compensation   

- Change in PaCO2 = 60 - 40 

                               = 20 

 PaCO2 اي صيبدح ِعذي ثٕغّيٗ دٖ زغجٕبٖ اٌٍٝ اٌشلُ

 ٘يطٍع وبَٚٔؾٛف   bicarbٚٔعيفٗ عٍٝ ليّخ ِزٛعػ اي  0.4 ٕ٘عشة اٌشلُ دٖ فٝ

- Expected HCO3 in chronic = 20×0.4+ 24 

                                              = 8+ 24 = 32  

اٌشلُ ٔفظ غٍع ٕ٘ب  

 ٕ٘ب ٚاٌزؾخيص

Chronic respiratory acidosis with appropriate respiratory compensation 

o Next step in therapy  

- No Ventilation either Non-invasive (NIV) or invasive ventilation (mechanical) 

- No admission at ICU 

- Just control disease by ttt at home. 

B) If PH < 7.33  

It is likely to be acute  

- Is it acute on top of normal? 

Or  
- Acute on top of chronic!؟ 

You will be guided by history & examination. 

o In acute on top of normal  

PaCO2 is not too much (around 60) 

o In acute on top of chronic 

PaCO2 is high (> 80, may reach 90, 100 or more) 

Because, the baseline is high unlike  

Acute on top of normal (normal baseline PaCO2) 
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**if Not sure Acute or chronic? 

  compensation اي ازغت

In acute respiratory acidosis  

        - Every 10 mmHg increase in PaCO2 >40  

         Lead to 1 mmHg increase in HCO3 > 24  

Or  

        - Every 1 mmHg increase in PaCO3 >40 

           Lead to  0.1 mmHg increase in HCO3 > 24 

Example 

Patient with ABG showing  

PH: 7.18, PaCO2: 60, HCO3: 26 

 اي ٔؾٛف زبخٗ ٚيأ PaCO2 اي ٔسغت عؾب24ْ عٍٝ ٚٔدّعٗ 0.1 فٝ اٌشلُ ٔعشة ٚثعذيٓ وبَ ثّعذي صاد  

Expected HCO3 

Expected HCO3 = [60 - 40] ×0.1 +24 

                            = 20 × 0.1+ 24 

                             = 26 

 اي ٕ٘ب expected HCO3 اي سلُ ٔفظ غٍع bicarb اي عٍٝ زغجٕب ٌٛ اٌّشيط عٕذ acute  

  دٖ اْ ِعٕبٖ ٚدٖ

Acute respiratory acidosis on top of normal for sure. 

 فٛق ؽشزذ ِب صٜ ٕ٘ب ٚالاززّبلاد

 ٓربٔٝ ِثبي فٝ ثصيٕب ٌٛ ٌى  

Example 

Patient known COPD, admitted with confusion, cough  

ABG show PH: 7.12, PaCO2: 90 ،HCO3: 33  

Answer:  

PH < 7.33   acute for sure  

 COPD ٘ٛ اْ ِعشٚف ِشيط فٝ 80 ِٓ اوزش عبٌٝ PaCO2 اي ثبٔيب

 دٜ رجمٝ

Acute on top of chronic Respiratory acidosis (acute exacerbation of COPD) 
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**if Not sure? 

Calculate expected HCO3  

If Current HCO3 > Expected PaCO2  

It is acute on top of chronic for sure. 

Expected HCO3 = [90 - 40] × 0.1 + 24  

                        = 50 × 0.1 + 24 
                            = 29 

Here, Current Bicarb in this patient > expected 

And hence, PH is < 7.33 

Final diagnosis  

Acute On top of chronic Respiratory acidosis (exacerbation of COPD) 

** Treatment: 

- ABC, ICU admission  

- If PH: 7.25 - 7.35 (high dependency unit) 

- Give him low flow O2 with target O2 saturation: 88 - 92% by monitor  

- Nebulizers / 15 minutes ( SABA or SAMA) 

-  IV hydrocortisone 100 mg/8rs 

-  IV antibiotics (infection) 

         Levofloxacin 750 / 24 hrs IV + fluids 

-  Monitoring of ABG every 1 - 2 hrs 

 If no response and PH still 7.25 - 7.35  

Consider Non invasive ventilation (NIV  (  

BIBAP better than CPAP  

The patient must be conscious  

If worsening CO2 retension & more ↓PH 

Invasive mechanical ventilation  

N.B if PH < 7.25 + confusion  

Consider start of mechanical invasive ventilation from the start. 
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* * Treatment of the causes of acute respiratory acidosis on top of normal. 

* Respiratory center depression by  

-Morphine >> ICU  

-Antidote >>> Naloxone  

- If no response: mech .ventilation      .  

* Myasthenic crisis  

ICU, Pulse steroids, + IVIG + plasmapheresis  

If no response --> mech Vent. 

* Guillian Barre Syndrome (GBS) 

ICU, Either IVIG or plasma exchange  

If no response --> mech .Vent. 

* Transverse Ascending myelitis  

ICU, pulse steroids , 

If no response --> Mech. Ventilation 

*************************************************** 

Example 

 62 years old man came to you in the casualty in confusion with intermittent cyanosis  

His son reports that, he has developed acute productive cough with fever over the previous 48 

hours with worsening dyspnea  

There was past history of chronic chest problem due to smoking for which he takes 

bronchodilators  

Chest: bilateral scattered insp. crepitations on the back  

With expiratory rhonchi  

Raised JVP  

Bilateral pitting LL edema 

ABG  

PH: 7.18  
PaCO2: 95 

HCO3:  30  

PaO2: 53  
SPO2: 74 %
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Answer:  

Straightforward case of  

Acute respiratory acidosis on top of chronic acidosis due to COPD mostly, complicated with 

pulmonary HTN {RSHF} 

LSHF might be an underlying cause of cardiac symptoms, but, if there are strong certain clues 

like S3 gallop, cardiomegaly with displaced apex, history of PND, this would be assessed 

certainly by bedside Transthoracic ECHO 

اي عجت غجعب   

Acute exacerbation of COPD here is pneumonia 

{Bronchopneumonia} evidenced by acute onset of fever, productive cough, with scattered 

inspiratory crackles on the chest which are superimposed on the exppiratory wheezes 

******************************************** 
Example 

 70 years old patient came with acute progressive dyspnea with orthopnea 

Clinically  

Raised JVP  

Pansystolic murmer on apex  

Bilateral diffuse crackles on the back  

ABG 

PH: 7.28  
PaCO2: 55 

HCO3: 25  

PaO2: 54  
SPO2: 90% 

Answer:  

* Primary disorder : 

Respiratory acidosis . 

* Cause: 

Acute pulmonary edema  

* Expected compensation: 

= (55 - 40) x 0.4 = 15 x 0.1 = 1.5 

= 24 + 1.5 = 25.5  

Acute compensated respiratory acidosis  

Type 2 respiratory impairment  
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  دٜ ٌٍسبٌٗ ثبٌٕغجٗ                                      

Cardiogenic pulmonary edema or non – cardiogenic?  
  اي ًٚ٘                                       

Focal signs on the patients can explain that is it acute heart failure or  

Acute pulmonary edema on top of CHF? 

 This case of acute dyspnea with type 2 hypoxic hypercapnic respiratory acidosis . 

Clinically, the patient has signs from which we can suspect the cause : 

# Bilateral diffuse crackles suggests severe pulmonary edema mostly with exhausted patient 

with respiratory muscle fatigue that cause him to be in respiratory acidosis, 

 #Pansystolic murmer over apex which may suggest Mitral regurge or VSD ( we should go to 

axilla  and listen, if it is heared then its MR) ( also we must ask about history and previous Echo 

to know that this MR is acute or chronic, if acute we must suspect Infective endocarditis or 

Inferior MI if patient with chest pain or without chest pain in diabetics and elderly so ECG is 

important also ) ( if murmer is of VSD and new and not in the previous Echo , then suspect 

Anterior MI. 

So clinically it all points to cardiogenic pulmonary edema . 

*********************************** 

Example 

 56 years old man was admitted with fever associated with confusion   

2 days previously, he has had frequent micturiton and dysuria  

Past history was remarkable for COPD and Type 2 DM  

He is on insulin mixtard and occasional inhalers  

His ABG shows  

PH: 7.05  

HCO3: 15 

PaCO2: 60  

PaO2: 64  

SPO2: 89%  

Na: 141  

K: 5.2  

Cl: 97 
 

 

How would you interpret such ABG? 
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Answer: 

High gap metabolic acidosis mixed with Respiratory acidosis and metabolic alkalosis 

PH ⬇ 

PaCo2 ⬆ 

HCO3 ⬇ 

* AG 

 =Na - ( Cl + HCO3 ) 

141- (97+15) = 29 

High anion gap metabolic acidosis  

* Delta ratio  

(29 - 10) / (24 - 15)  

= 19 / 9  

=  > 1 

* Sepsis highly suspicious  

Q urosepsis to be confirmed clinically by  

Rapid qSOFA or SOFA  

Also by urine analysis, culture + blood culture, CRP & procalcitonin  

You have to exclude DKA, as the patient has DM, check ketone bodies in the urine  

Respiratory acidosis might be chronic because PaCO2 is not high enough to suspect acute on 

top of chronic  

Also SPO2 value lies at this range (88 - 92%) 

Also, for more chest evaluation, auscultation, imaging 
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Respiratory Alkalosis 

 

PH ↑: PaCO2 ↓: HCO3 ↓ 

 

 If it is simple pure Resp .alkalosis, metabolic compensation would occur by reduction in 

HCO2 value ( metabolic acidosis ) 

N.B:  

Respiratory Alkalosis = Hyperventilation 

Causes: 

Either  

         A} Hyperventilation due to Stimulation Of respiratory centers in the brain Stem  

          i) Central causes:   

- Encephalitis 

- Extensive Brain hemorrhage             

- Infarction   

- Extensive brain trauma 

          ii) Metabolic causes:   

- Hepatic  

- Encephalopathy  

- Fever: important 

          iii) Psychogenic hyperventilation  

- Panic attacks,  

- hyperventilation syn 

All these causes hyperventilation and CO2 wash without Hypoxia or Hypoxemia  

(O2 sat ≥ 95% & PaO2 ≥80).       
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B} Hyperventilation due to Hypoxia  

Hypoxic Hypocapnic (Type 1 respiratory impairement) 

I.e (Acute lung condition) 

Causes:  

 Pneumonia  

 Acute severe asthma,  

 tension pneumothorax 

 Pulmonary edema. 

 Acute severe asthma,  

 tension pneumothorax 

 Pulmonary Embolism ( very very Important (easily missed in practice) 

 ٖٛأٙب رؾخص ِب ثعذ الاٌٚٝ اٌخط primary Respiratory alkalosis  

  رؾٛفٙب أه

Pure simple resp alkalosis or mixed 

 اي زغبة غشيك عٓ

Compensation 

 ِّٙٗ ِؼ ٕ٘ب اٌّعبدلاد :هلحىظه

 In acute resp .alkalosis  

→ Every 10 mmHg decrease in PaCO2 

→ 2 mmHg decrease in HCO3 < 24  

 In chronic resp .alkalosis  

→ Every 10 mmHg decrease in PaCO3 

→ 4 mmHg decrease in HCO3 < 24 

Treatment:  

A} Respiratory alkalosis without hypoxia  

- You have to detect the cause by taking through history and thorough examination: 

- Treatment of the cause  
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B} Respiratory Alkalosis with hypoxia  

I. suspected pneumonia by history& Examination  

- Treatment by High flow O2 with target O2 sat ≥ 95%... If refractory hypoxia & RR > 30 

- Consider mechanical ventilation  

- Proper Antibiotics accordingly  

ii. Pulmonary edema  

- High flow O2 as before  

- If cardiogenic --> IV diuretics ± nitrates if high BP ± Inotropes if low BP 

- If hypoxia is refractory: CPAP  

- If ARDS: Mechanical Ventilation  

- If refractory: ECMO 

iii. Acute severe asthma  

- High flow O2 + nebulizers  

- IV solucortif 100 mg / 6 hrs 

-If refractory: IV magnesium  

If refractory: Mechanical ventilation  

iv.Tension Pneumothorax  

- High O2 + urgent Intercostal tube insertion under water seal  

v. Pulmonary Embolism  

- Suspect if hypoxic hypocapnic pattern with normal chest auscultation  

 - Particularly if there are risk factors  

 DVT, bed ridden,  

 recent surgery, cancer  

 OCP,  

 thrombophilia (suspect if it is unprovoked DVT/Pulmonary embolism) 
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-  Calculate Well's score  

 If ≥ 4 ---> begin LMWH ( therapeutic) 

 high flow O2  

 And arrange  

                 D.dimer + CT pulmonary Angiography to confirm the diagnosis 

Example 

52 years old woman came to the casualty with sudden onset of chest pain and dyspnea  

The chest pain was vague and was not compressing in nature and was not referred to any site... 

Bed side SPO2: 91%  

Auscultation of the chest: free  

Heart: free  

JVP: not high  

ECG: sinus tachycardia  

CXR: normal  

ABG  

PH: 7.51  

PaCO2: 24  

HCO3: 16  

PaO2: 62  

SPO2: 91% 

 

Answer: 

Respiratory alkalosis with partial metabolic compensation  

Type1 respiratory failure  

Ddx: 

- Pneumonia 

- Acute sever athma  

- Tension pneumothorax 

- Pulmonary edema  

- Pulmonary embolism 
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Most likely pulmonary embolism due to acute onset, free chest, sinus tachy 

So ask about risk factor:  

DVT, obese, recent surgery, tumor, OCP, vircaw triad , bed ridden ,thrombophilia  

Then do: 

- D dimer, ECG, CT angio  

Treatment: 

 High oxygen  

 Anti coagulant 

 Surgery: 

 Filter  

 Catheter 

عٕذٖ اْ رؾه ِشيط اٜ ً٘  

Pulmonary embolism 

?????????? 

رسغجٍٗ أه اٌصر  

Well's score 

اي ٗعٍي ثيزٛلف لأٗ  

Degree of propability 

ٕ٘عًّ ً٘ ثٕؾٛف اٌشلُ ٚزغت  

CTPA 

٘يطٍع غبٌجب لأٗ غٛي عٍٝ  

Pulmonary embolism 

 

Well's score  

Well is a Canadian scientist who put the famous international prestest probability for pulmonary 

embolism as follow ⤵ 

 Clinical symptoms of DVT --> score 3  

 other diagnosis less likely than pulmonary embolism --> score 3  

 HR > 100 --> 1.5  

 immobilization more than 3 days or surgery within the previous 4 weeks --> 1.5  

 previous DVT /pulmonary embolism --> 1.5 

 Hemoptysis --> 1  

 Malignancy --> 1 
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 ٕٔغبّ٘ؼ ِب عؾبْ

 الاٚي

Origin: DVT symp/signs 

 اٌثبٔٝ

History pattern/certain clues of PE 

 ِثلا ،، pulmonary embolism ثبي الا رفغش لا اٌسبٌٗ رشويجٗ ِعٕب٘ب دٜ

Unexplained acute dyspnea with normal lung auscultation + normal imaging + hypoxia 

 اٌثبٌث

Sign: tachycardia 

 1.5 عىٛس٘ب PE فٝ ِٛخٛدٖ ثزجمٝ غبٌجب ٘يب ٚعؾبْ

 ٚاٌخبِظ اٌشاثع

2 important risk factors 

- Immobilization & previous recent surgery 1.5 

- Previous DVT /PE 1.5 

 : اٌغبدط

Sign: ًاّ٘يٗ ال  

Hemoptysis: 1 

 : اٌغبثع

Risk factor 

 اٌغبثميٓ ِٓ اّ٘يٗ الً ٌٚىٓ

Malignancy --> 1 

 ٌٛ ُٙٚغٍعٛا خّعز 

Total score > 4 

 ٘يطٍع غبٌجب

Pulmonary embolism 

 %066 ِؼ ٌٚىٓ وجيشٖ ثٕغجٗ

 

 اٌشئٜٛ اٌؾشيبْ عٍٝ ِمطعيٗ اؽعٗ ٕ٘عًّ غٛي ع ثعذيٙب اٌٍٝ اٌخطٖٛ وذٖ عؾبْ

 PE  يجمٝ افشعٗ ازذ اٚ PA اي فٝ thrombus ظٙش ٌٛ

 PE ِؼ يجمٝ ظٙشػ ِب
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 4 يغبٜٚ اٚ ِٓ الً الاعىٛس ٌٛ غت 

  Pulmonary embolism يطٍع أٗ اززّبٌيٗ يجمٝ

  عًّ ٘ٛ ثعذ٘ب اٌٍٝ ٚاٌخطٖٛ ،، ثشظٗ ٚاسدٖ ٌٚىٓ ٍٗلٍي

D.dimer  

If positive > 500  

  ٕ٘عًّ

CT pulmonary angio  

  ِؼ دٜ رجمٝ ٔيدبريف ٌٚٛ

Pulmonary embolism  

Consider another diagnosis 

========== 

 عٍٙٗ ثطشيمٗ ٌٍزدّيع 

 Origin of thromboembolism (DVT) ---> 3  

 History pattern consistent with pulmonary embolism  

  Score 3٘يبخذ ٚدٖ ربٔيٗ زبخٗ اٜ ِٓ اوزش pulmonary embolism ِع ِبؽيٗ اٌسبٌٗ رشويجخ يعٕٝ

 وذٖ ثعذ 

One symptom 

Hemoptysis --> 1 

 specific ًٌ PE ِؼ لأٙب

 وذٖ ثعذ 

One sign 

Tachycardia, HR > 100 

 PE اي زبلاد فٝ common لأٙب1.5 ربخذ

 خطٛسٖ عٛاًِ 0 وذٖ ثعذ 

2 very important risk factors 

# Immobilization for ≥ 3 days or history of surgery within the previous 4 weeks 

# Previous DVT /PE 

  1.5ثيبخذ فيُٙ ٚازذ وً ٚدٚي

 ًاٌغبثميٓ ِٓ خطٛسٖ الً ٌٚىٕٗ ٚازذ خطٛسٖ عبًِ فبظ 

Malignancy --> 1 

 items اي وً اسلبَ ردّع ٚثعذيٓ ثزبعٗ الاعىٛس ٚرسطٍٗ اٌسبٌٗ ف دٜ items اي ِٓ ِٛخٛد اٌٍٝ ايٗ ثزؾٛف زعشره

 عٍيٗ لٌٕٛب اٌٍٝ algorithm اي ٔفظ فٝ ٚرّؾٝ الً فّب 2 ٚلا 2 اوزش ٚرؾٛفٙب فمػ اٌّٛخٛدٖ
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Example: 

 22 years old girl came to the casualty with acute onset of dyspnea with rapid breathing with 

sense of impending death that is associated with parathesias in the hands and legs which 

started to develop carpal spasm bilaterally  

She has just got separated from her fiancée  

On exam 

BP: 100/60  

Pulse: 140  

RR: 25  

Temp: 37.2 

SPO2: 99% on room air  

ECG: sinus tachycaria  

CXR: free  

ABG  

PH: 7.51 

PaCO2:23  

HCO3: 16  

PaO2: 83  

SPO2: 99%  

 

How would you interpret the ABG in the context of history?! 

Answer: 

* Respiratory alkalosis é partial metabolic compensation 

Hypocapnia éout hypoxia ▶ hyperventilation  

* Ddx:  

RC stimulation  

- Central "hemorrhage, infarction, infection, truma" 

- Metabolic"heptic encephalopathy, fever" 

- Psychogenic 

Peripheral parasthesia is an important sign of psychogenic hyperventilation associated with 

"PANIC ATTACKS" 

The respiratory alkalosis per se with excessive CO2 wash will lead to shift of ionized CA 

leading to carpal spasm  

* Treatment: Sedative is enough  

ABG will be corrected after the Panic attack has been treated 
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Metabolic alkalosis 

 

PH ↑: HCO3 ↑: PaCO2 ↑ 

If it is simple, evey thing is high  

  ٌفٛق وٍٙب الاعُٙ

Primary metabolic alkalosis with respiratory compensation!! 

★Causes of metabolic alkalosis  

Either Excess ↑alkali/base or ↓ low acid 

A} Excess Alkali in blood: 

*Exogenous:  

- Excess bicarb infusion. 

*Endogenous:  

- Excess renal reabsorption  

- high steroid ( Cushing Syndrome ) 

- High aldosterone ( Conn's syndrome) 

- Channelopathies  

E.g Bartter's syndrome, Gitleman's syndrome, Lidddle's syndrome  

- Shift of bicarb to blood in cases of hypokalemia {Diuretic use}. 

B} low acid  

- Loss of HCL from stomach  

- Vomiting, Nasogastric tube  

- Gastric fistula (important). 

 ٔؾخص ٌّب

Metabolic alkalosis 

 pure metabolic alkalosis ٘يب ٔعشف اٌّفشٚض

 mixed disorder ٚلا

 ثشظٗ  compensation اي ِعبدٌخ غشيك عٓ

  يعشفٙب عبيض ٌٍٝ  وذٖ لجً صٜ ِّٙٗ ِؼ ٕ٘ب ٚ٘يب

Expected PaCO2 = [0.6 - 0.75 × HCO3] + 40 
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Treatment: 

*If severe --> PH > 7.6 (rare in practice) 

  Give KCL in cases like severe vomiting. 

* Vomiting & GIT losses (saline sensitive):  

- give anti-emetic IV (Primperan, Zofran)  

- Saline infusion  

* In diuretic (stop diuretic, give K) 

* In saline resistant causes (Cushing, Conn's syndrome) 

         - Ttt of the cause  

N.B:  

Saline Sensitive metabolic alkalosis: e.g Vomiting  

Saline resistant metabolic alkalosis e.g Endocrinopathies like Cushing Syndrome  

N.B: in Endocrinopathy, metabolic alkalosis is just a diagnostic tool 

It is useful in diagnosis not treatment, and it is not specific. 

 Alkalosis اي عججٗ دٖ اٌىبٌغيَٛ ٔمص

 Alkalosis اي ٘يصٍر اٌغجت ٚعلاج

 ٘زخزفٝ الاعشاض ٚوً اٌطجيعٝ ٌّعذٌٗ اٌّزأيٓ اٌىبٌغيَٛ ِغزٜٛ ٘يشخع ٚثبٌزبٌٝ

Example: 

 28 years old obese woman came to as she is recently discovered to have recurrent muscle 

cramps and weakness that was found to be due to mild hypokalemia ( K : 2.9 - 3.2 )  

She complains of fatigue, and she is being treated from anxiety and depression  

She denied diarrhoea  

The workup for hypokalemia including (serum Mg, 24 hrs K in urine < 20, all labs failed to 

reveal the cause.  

ABG  

PH: 7.47  

HCO3: 29  

PaCO2: 49  

PaO2: 86  

SPO2: 99%

How would you interpret such ABG in the context of the history?  

What might be the cause?! 
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Clue for DX:  

Metabolic alkalosis with hypokalemia from non-renal source as ( 24 hrs urine K < 20 )  

So, it is for sure GIT loss  

The most common cause of GIT loss leading to metabolic alkalosis is "repeated vomiting"  

So, we have to ask specifically about it, and whether it is spontaneous or self induced  

Given the history of obesity and associated Anxiety & depression  

It is highly suspected to have Bulimia nervosa  

Bulimia Nervosa is a psychiatric disorder Ch ch  by binge eating followed by self induced 

vomiting leading to  

Both metabolic alkalosis and hypokalemia 

 ثمٙب فٝ صجبعٙب ثزسػ ٚثعذيٓ ثؾشا٘ٗ ثزبوً أٙب ٘زمٌٛه ِٚؼ دٖ اٌّٛظٛع عٍيه ٘زخجٝ غبٌجب دٖ إٌٛع ِٓ اٌٍٝ اٌّشيعٗ

 اٌّزعّذ ٚاٌمٝء الاوً ِؾىٍخ ِٛظٛع عٍيه ٚ٘زخجٝ ،، ٔفغٝ ِشض دٖ لاْ(  عٕٙب غصت دٖ)  رشخع عؾبْ

============================== 

 ؟ acid base disorders بال البىتاسيىم علاقة ايه:  ههن سؤال

Acidemia (reduced blood pH) is associated with increased plasma potassium concentration 

(hyperkalemia) 

 ,whilst alkalemia (increased blood pH) is associated with reduced plasma potassium 

concentration (hypokalemia)  

Mechanism  

Acidosis causes potassium to move from cells to extracellular fluid (plasma) in exchange for 

hydrogen ions , 

And alkalosis causes the reverse movement of potassium and hydrogen ions. 

 

 

 

 

 


